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® DNA promoter fragments from wheat 

<NJ© The precaution and use of nucleic acid promoter fragments homologous to the Em gene of wheat eo bring 
<the exoression of selected genes in plants under external control are described. The Em promoter rragment .s 
— resccnsive to abscisic acid (ABA) and other compounds possessing ABA-fike activity. Through transformation of 
S protoplasts and plant cells with recombinant DNA constructs incorporating such promoter fragments. operaWy 
linked selected genes are exoressed in response to ABA and compounds possessing ABA-iike activity, me 
w application of such promoter fragments and constructs to transient assay systems to predict the likelihood of 
CO stable transformation in piants is disclosed. 
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ONA PROMOTER FRAGMENTS FROM WHEAT 



RELATED APPLICATION 



This application is a continuation-in-part of copending application U.S. S.N. 174,744 filed March 29. 
1988. 



FIELD OF THE INVENTION 



This invention relates to the preparation of nucleic acid promoter fragments homologous to -he Em 
gene of wheat which are responsive to compounds possessing abscisic acid-like activity, and their 
incorporation into recombinant ONA constructs to bring the expression of nucleic acid sequences . : cr 
selected gene products operably linked to the promoter fragments under external control in protoplasts and 
plants. 



BACKGROUND OF THE INVENTION 



The external control of the expression of selected gene products in plants through the application of 
chemical suostances can provide important agronomic and foodstuff benefits. The ability to externally 
control the exoression of introduced genes in transgenic plants could be used to (n prolong or extend me 
accumulation of desirable nutritional food reserve in seeds, roots, or tubers, (2) produce and accumulate 
products in plant tissues that are convenient for harvest and isolation, and (3) initiate expression of a toxin at 
the site of pathogen attack, possibly avoiding contamination of the ultimate food proauct with the toxin. 
These and other benefits have been unattainable in the field since means to bring known plant genes under 
external control in the field have not been available. 

While technology exists to transform plants with the genes for selected products, their expression is 
either continuous throughout the life cycle (controlled by a constitutive promoter), or is regulated by the 
developmental^ timed program of maturation inherent in each organ/ tissue/ceil (stage or tissue specific 
cromoters). Continuous expression precludes production at particular stages, in specific tissues or in 
response to environmentally unpredictable events. Such expression could piace a major penalty cn yield, 
due to greatly increased energy demands accompanying prolonged synthesis of the product. Tissue or 
stage specific expression, although valuable for the temporal and spatiai accumulation of products, is uncer 
the variable timing of the developmental program of the plant. Precise development control of gene 
expression would necessitate the isolation of a multitude of stage and tissue specific promoters in all crcp 
plants of interest. It would be desirable to externally control the expression of an introduced gene prccuct 
by the application of a specific chemical which can induce a specific promoter to activate the accumulation 
of a desired gene product. Hence, one chemical/promoter combination can be interactive at any stage or in 
any tissue available to the chemical, throughout the life cycle of any one of a large number of transformable 
plants, to control any desired gene product. 

Certain genes can be induced by environmental factors such as light, heat shock and anaercoiosis. me 
promoters of these inducible genes from plants have been extensively analyzed (c.f.. Kuhlemeier et aL, .Ann. 
Rev. PI. Physiol.. 38:221-257 (1987)). However, the inducers of these genes (i.e.. light, temperature and 0 2 
levelsjare not easily or practically controllable under normal agronomic techniques. 

Numerous chemicals, both natural and synthetic, have been shown to affect the growth and develop- 
ment of plants. A number of these plant growth regulators occur naturally, such as the hormones auxin, 
gibberellic acid, cytokines, ethylene and abscisic acid (c.f.. Oavies. P. (Ed.) Plant Hormones ana The^r 
Roles in Plant Growth and Development. Martinus Nijhoff Publ. (1987)). while others have equa.ly dramatic 
alfeasluTTis^alicTiic-Tcid (Hooft Vanhuijsduijnen et aL, J. Gen. ViroL , 67:235.2143 (1986)). When these 
qrowth regulators are applied to various plant cells/tissues/organs, a change in the metabolism of the plant 
is observed which has been shown with each of the above regulators to result from new gene expression. 
Some oroducts of these genes, as well as some genes themselves, have been isolated anc i charactered. 
The instant invention focuses on the phytohormcne abscisic acid (ABA). 3-methyl-5-(l -hydroxy-4 -oxo- 



2 



EP 0 335 528 A2 

2 .5 .5 -tnmethyl-2 -cyciohexen-1 -yl)-cis, trans-2,4-oentadienoic acid (c.f. Addicott. Abscisic Acid. Praeger 
Publ.. M Y. pp. 607 (1983)). A8A is involved in numerous processes such as stomatal closure" bud/seed 
dormancy, inhibition of seed germination, as well as in responses of plants to physical perturbations cr 
stresses such as temperature and water (c.f. Zeevaart and Creeiman, Ann. Rev. Plant Physiol.. 39:439-473 

5 *** S33i>. Numerous compounds have been described that mimic ABAln^hesTpTysTological process, i.e.. 
they are ABA-!ike (c.f. Walton. In Abscisic Acid (Ed. Addicott), Chapt. 4, pp. 113-1*6 (1983)). Our immediate 
interest focuses en the involvement of ABA in two of these key plant processes: accumulation of storage 
reserves in seeds and the response of plants to water stress (drought). 

Curing seed formation in a wide variety of seeds, the endogenous ABA level increases dramatically, as 

:q it tees in water-stressed tissue. Genes from the seeds of six plants (cotton, soybean, rice, maize, wheat 
and rapeseed) have been isolated that respond to ABA (when tissue is treated in vitro with the phytchcr- 
mcne* by accumulating the products of these same genes. The response is an incTeiiTin the mRNA levels 
of these specific genes (c.f.. Quatrano, Oxford Surveys Pi. Mol. Cell. Biol.. 3:467-477 (1986)). Although the 
characterization of some of these genes has been extensive, only in the case of the £-ccng!ycinin gene 

'5 from soybean has an ABA-regulated gene been expressed in a transgenic plant: in petunia ana robacco by 
Sray et aL, Planta 1 72:364-370 (1987) and in tobacco by Barket et al., Proc. Natl. Acad. Sci. (USA) 35:453- 

The goal in each case is to identify the DNA sequences that control the expression of these genes in a 
tissue-specific, stage-specific and environmentally regulated manner. Bray et al. demonstrated this specific 

20 regulation in transgenic plants when a * 2 kilobase (kb) fragment of the natural gene was transferred, in 
aocincn to the ceding region, it contained a 1.1 kb 5' fragment and a 1.3 kb 3' fragment. Barker et al. 
•ransrsrred to tobacco a much larger fragment (12.3 kb) that contained more genes than we j-ccnclycinin 
gene. Neither group characterized further, which part(s) of these iarge fragments might be responsible for 
the specific ABA induction effect, nor did they report treating transformed tissue with ABA to determine >r 

^5 the foreign gene would respond to hormone addition. 

Gomez et al., Nature 334:262-264 (1988), reported that when immature maize embryos, 'ike wheat, are 
cultured in the presence of ABA they express a new set of genes in response to the hormone. One ABA- 
regulated gene (pMAH9), isolated in this report, cedes for a 15.4 Kd protein. The mRNA for this protein s 
aiso expressed when mature leaf tissue is wounded or water stressed. The complete sequence of -he 

20 cccir.g region and parts of the 3 and 5' flanking regions are given, but no information is reported as to :re 
sequence within the promoter region which is essential for ABA regulation. 

Mundy and Chua, £MBO Journal , 7:2279-2286 (1988), characterized the full genomic sequence of a 
gene from rice (RA8 21) which is induced by ABA, as well as by salt (NaCI), and water stress in numerous 
tissues, e.g.. roots, leaves, embryos, suspension cultures. Although the complete secuence of the ccairg 

35 region (approximately 1 kb) and the 5 regulatory or promoter region (approximately 1 .5 kb) is given, -o 
information is reported as to the sequences within the promoter region which are essential for -a A 
regulation of the coding sequences. There is no teaching regarding the isolation of a promoter fragment, or 
its potential utility to achieve external control of plant gene expression. The authors themselves (p. 2235 » 
s;ate that "the regulatory roles of these different GC-rich repeats remains to be established.. Applicant 

-o invention lies in the isolation of promoter fragments, their use in constructs to transform protoplasts arc 
z ar.:s, and in achieving the external control of plant gene expression. 

Other seed-specific genes that have not been shown to be regulated by ABA. or by any other hormcre 
have been analyzed in the same manner. For example. Chen et al., Proc. Natl. Acad. Sci. (USA) 33:3560- 
8564 M986) showed that the region between -159 and -257 base pairs (bp) 5 to the transcription start s.:e 

-5 of the a-conglycinin gene is the required region for seed specificity. More recently, Chen et al.. 5MEO 
Journal , 7:297-302 (1988), constructed a chimeric gene comprising a 170 bp fragment frcm the a- 
ccnglycinin promoter region (-73 to -257) in different positions and orientations to the constitutive viral 353 
promoter linked to the reporter gene chloramphenicol acetyl transferase (CAT). They showed that the : 70 
bp 5 fragment enhances expression of the CAT gene in a tissue-specific and temporally regulated manner. 

50 However, delineation of the specific regulatory regions required these investigators to assay ; or 
expression in transgenic plants at the stage of seed formation. This required long periods of time until tr.e 
plants flowered and set seed (several months). Transient assays for promoter analysis have been reported 
and represent a faster way to delineate those promoter fragments that are regulatory. However, ncr-e ;f 
these reports which follow involve the use of a chemical inducer. 

z5 Sbert et al.. Proc. Natl. Acad. Sci. ( USA ) 84:5745-5749 (1987), disclose studies of the active fragment of 
ONA constituting the nopaJine synthase promoter. This promoter is constitutive rather than inducible, and 
.vmie of bacterial origin, operates in a wide range of plant tissues. A construction was made such that tne 
promoter controlled the expression of the reporter gene CAT. The authors reported that a fragment of 33 op 
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{•97 to -120) of ONA was necessary to promote expression of the CAT gene. They reoortec further that :re 
presence of two copies of the fragment tripied the expression of the CAT gene. These results from stacly 
transformed tobacco tissue were repeatable in a transient assay using tobacco protoplasts. Comparison cf 
the level of CAT gene expression controlled by the fragments in both the transient expression of tobacco 
5 protoplasts and stably transformed tissues resulted in some differences. The authors nevertheless indicated 
their belief that such transient assays are valuable for "the study of upstream elements and trans-acting 
factors". 

Howard, et al.. Pianta. 170:535-540 (1987), studied the anaerobic induction of the maize alconoi 
dehydrogenase (Adhl) gene by electrcporating gene fragments of Aahl into maize protoplasts from 
to suspension culture cells, subjecting these protoplasts to reduced oxygen levels and assaying for Adhl 
expression 20 hours later. To facilitate measurement of Adhl gene expression regulated by anaerobiosis. 
they fused the S promoter or regulatory fragment of the native Adhl gene {1096 base pairs) to CAT. Their 
results demonstrated the normal regulation of an inducible promoter from a monocot maize gene (i.e.. Achi) 
when eiectrocorated into protoplasts derived from a homologous cell culture system. They snowed that just 
rs the Adhi promoter fragment, without the coding and 2 regions of the Adhl gene, is sufficient for anaerobic 
induction of the CAT gene. 

Lee et al.. Plant Physiology 85:327-330 (1987), have reported further definition of the size of the ONA 
fragment responsible for anaerobic induction of the maize Adhl gene. Utilizing a piasmid vector that 
facilitated placement of any desired gene adjacent and 3' to the promoter, they inserted the gene for CAT 
zo next to the Adhl gene. Using this piasmid. they transferred maize protoplasts and measured the production 
of CAT 24 hours later. By altering the size of the promoter ONA sequences in the construction. Lee et al. 
determined that 146 bp 5' to the transcription start site were sufficient to place the production of CAT under 
anaerobic induction. However, the expression of CAT was increased 5x or 8x by the addition of 266 or 955 
bp. resoectively, cf contiguous 5 promoter sequences. 
25 ' Walker et al.. ?rcc. Natl. Acad. Sci ( USA ) 84:6624-6628 (1987), continued the studies of the ONA 
sequences of the remoter rS g, 0 n of the maize Adhl gene required for gene expression inducea by 
anaerobic conditions in a transient assay. They determined that control of anaerobic induction of gene 
expression resided in two sequences from the promoter: these being the sequence between -i 33 and -124 
bp and the sequence between -113 and -99 bp {5 to the transcription start site). Both sequences are 
30 necessary. Attachment of this 40 bp element to'an unrelated viral promoter confers anaerobic regulation. 

Eilis et al.. EMBO Journal 6: 11-16 (1987). indicate that when the fragment of ONA between base pairs 
-1094 and + 106 bp of the maize Adhl gene was placed next to the sequence of ONA encoding CAT and 
the construction was stably transformed into tobacco ceils, only extremely low levels of^ CAT gene 
expression could be observed under appropriate anaerobic conditions. In fact, only CAT messenger RNA 
35 was detected. However, promoter elements from the octopine synthase gene cf bacteria, or those from the 
Cauliflower Mosaic Virus (CaMV), linked $ to the Adhl promoter, stimulated the expression of the CAT gene 
and permitted detection of CAT after anaerobic induction. The fragment of ONA, consisting of 247 bp 
adjacent and 5' to the transcription start site of the structural gene for Adhl. was sufficient' to put the 
expression of the CAT gene under anaerobic control. Therefore, anaerobic control by the 247 bp fragment 
of ONA was maintained even when the octopine synthase and CaMV 35S promoters, which are constitutive 
promoters, were present. The region of the Adhl promoter responsible for anaerobic induction demonstrated 
in transient assays by Howard et al., Lee et al., and Walker et al. were similar to the region showing 
anaerobic induction in stabiy transformed plants by Ellis et al. 

Patents have been issued to animal and microbial systems in which seiected gene seouences nave 
been induced by chemicals in the environment that interact with certain regulatory sequences. U.S. Patent 
4 579 821. issued to Palmiter and Brinster, discloses the isolation of promoter/regulator sequences of the 
mouse metallothionein-l gene and its use to control the expression of selected ONA sequences operaoly 
linked to the promoter by exDOSure to heavy metal ions or steroid hormones. The expression or thymidine 
kinase fused to the metallothionein-l promoter was obtained in differentiated cells of adult mice upon 
administration of cadium or dexamethasone. U.S. Patent 4.703.005, issued to Nakata and Sh.nagaua. 
discloses the isolation of a gene for phosphate-binding protein (phoS) to which was fused a foreign gene 3 
to phoS. The foreign gene is controlled by phosphate in the culture medium. 

' Despite considerable effort to characterize the molecular basis of the response of plant tissue to 
hormones, the signal/transduction pathway from chemical to gene is not well understood. While reports to 
plant promoter sequences stimulated by light and anaerobic stress have appeared, no disclosures o 
inducible plant oromoters responsive to chemical substances which can be applied in the field to control 
gene expression have aooeared. At this time, a clear need exists for promoter sequences and recomomant 
constructs for the transformation of plants which would enable external control of selected genes whicn ..an 
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offer agronomic advantages. Further, this specificity of expression should be amenable to external control 
thro-gn exposure to chemical substances which can be readily manipulated. 



5 SUMMARY OF THE INVENTION 



A means :o externally control the expression of selected genes in plant calls, plants and protoplasts 
thrcugn exposure to a chemical substance has been discovered. The Em gene of wheat is an inducible 

• o gene, responsive to ABA. which is accumulated and implicated in the physiological events of embryo 
ma-jration and drought stress protection. Applicants have discovered novel promoter fragments derived 
from the Em gene which can be used to achieve external control of selected genes, and it is believed that 
promoter regions from other plant genes homologous to the Em structural gene of wheat will function 
similarly. Specifically, one preferred aspect of the present invention is a nucleic acid promoter fragment 

■s ccrrcr:sing a nucleotide sequence from the 5 flanking promoter region of a piant gene homologous to the 
Err. siructurai gene of wheat, said promoter fragment being responsive in transformed plant ceils to 
compounds possessing ABA-tike activity such that the expression of ONA sequences for selected gene 
crccucts operably linked on the 3 side of said promoter fragment can be controlled with the proviso that 
such promoter fragments are not responsive to phaseic acid. Preferred is a nucleic acid promoter fragment 

20 corrxnsing a nucleotide sequence from the 5 flanking promoter region of the Em structural gene of wheat, 
saic promoter fragment being responsive in plant cells to ccmpouncs possessing ABA-like activity such that 
:he e/cressicn of nucleic acid sequences for selected gene products operably linked on the 3' side of said 
promoter fragment can be controlled. The invention is thus broadly applicable for securing control of many 
genetic processes, ranging from the alteration of existing regulation of endogenous genes in plant cells, to 

_ : 5 securing selective regulation of expression of selected foreign genes stably incorporated in piant cells. 
Preferred compounds possessing ABA-like activity include ABA, Compound C, Compound D. Comcound E. 
anc Ccmpound F fas defined herein). 

Presently, preferred promoter fragments for use in practice of the invention are derived from the Em 
gene of wheat, specifically, an 1850 bp nucleic acid promoter fragment. Mere preferred is a 340 bo nucleic 

jo acic promoter fragment. Most preferred, by virtue of ease of use in constructs anc effective use m piants, 
are a 254 bp and a 50 bp nucleic acid promoter fragment derived from the regulatory ONA sequence 
controlling the expression of the Em structural gene of wheat. Such promoter fragments are also denned by 
their nucleic acid sequence. 

Another aspect of this invention involves a recombinant ONA construct capable of modifying the 

:s precedes of a protoplast comprising a nucleic acid promoter fragment of the Em gene of wheat, and a 
DNA sequence for a selected gene product operably linked to said promoter fragment such that upon 
exposure to a compound possessing ABA-like activity said DNA sequence for a selected gene product is 
excressed. Another embodiment involves a recombinant ONA construct capable of transforming a plant cell 
comprising a nucleic acid promoter fragment of the Em gene of wheat, a DNA sequence for a selected 
gene oroduct operably linked to said promoter fragment, and a suitable reguiatcry sequence such that upon 
excosure to a compound possessing ABA-like activity said DNA sequence for a selected gene product :s 
expressed. These constructs may be incorporated into DNA plasmid vectors to provide useful tcois in the 
transformation of a wide variety of plant cells, plant tissues and plants. 

'.'e: another aspect of this invention involves a transient assay method to evaluate the likelihood of 

-5 expression of a selected gene product in a stably transformed plant comprising the steps of (a) preparing 
prciooiasts from rice, (b) transferring to said protoplasts a recombinant DNA construct incorporating a 
nuc:e;c acid promoter fragment of the Em gene of wheat and an operably linked DNA sequence for a 
seiec:ea gene product, (c) incubating said protoplasts containing said construct with a compound possess- 
ing ABA-like activity, and (d) measuring the amount of said selected gene product expressed in response to 

50 sa;d compounds. 

Another process embodiment of the invention involves a method for controlling the expression of a 
selected gene product in a plant comprising steps of (a) transforming said plant with a recombinant 
CiNA construct incorporating a nucleic acid p.-;~:ter fragment of the Em gene of wheat and an operaoly 
iinkea DNA sequence for a selected gene prccuct and a suitable regulatory sequence, (b) exposing said 
55 plant io a compound possessing ABA-like activity, and (c) causing said plant to express said selecied gene 
product at a desired time. 

A final aspect of the invention involves a nucleic acid fragment for controlling over-proauction of a 
selected gene product in plants in response to drought conditions comprising a nucleic acid promoter 



5 



EP 0 335 528 A2 



fragment responsive to ABA inserted into the CaMV 35S promoter secuence. Jn this emcociment. it is 
believed that environmental factors heading to increased levels of A3A within the plant win tngger over- 
production of selected gene products which will protect the plant. 

Characterization of the regulation of the promoter fragment of the Em gene of wheat has been earned 

5 out utilizing rice protoplasts. This system is preferred based upon the rapid response of transformed rice 
protoplasts to compounds possessing A8A-iike activity, the ability to regenerate transgenic rice plants from 
protoplasts and to predict the response in a stably transformed plant. 

runner, to easily and rapidly measure the response of a compound possessing ABA-iike activity, a 
reporter gene is operably linked to the promoter fragment. The reporter gene chosen is that for the enzyme 

ro ^'-glucuronidase (GUS) for several reasons; no background enzyme activity is detected in piant ceils, an 
extremely sensitive and quantitative Muorometric assay is available, and the enzyme activity is very stable. 
A recent review of the merits of using GUS is provided by Jefferson, PL Mol. Biol. Hep. , 5:337-405 (1983). 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a ohysicai map of plasmid p8Ml08 as derived from plasmids pRAJ260 and pDHSI. 

Figure 2 is a physical map of plasmid pBMl09 as derived from plasmids p8tMl08 and pUCl3. 

Figure 3 is the nucleotide secuence of the Em gene 5 flanking region from -1328 to -6 from the 
translaticnal start ccdon. The translational start codon, ATG. is underlined. 

F : gure 4 is a ohysicai map of plasmid cBM113 as derived from plasmids p3Ml09 and cEAS41.3. 

Figure 5 is a physical map of plasmids p8MU3Kp and pBM31! as derived from plasmids pBMiG9 
and pSMi 13. 

Figure 8 is a physical map of plasmids pBM1 13A220.10. p6MU3A220.9 and ?SM1 1 3A24CM3 as 
derived from plasmid pBMH3. 

Figure 7 is a physical plasmid map of plasmid pBM117 as derived from plasmids pDH5l and 
CBM109. 

Figure 3 is a physical map of plasmid pBM1l9 as derived from plasmids pUCl8 and oRAJ275. 
Figure 9 is a physical map of plasmids pCSi02 and p3Mi20 as derived from plasmics oCHSi arc 
pBMll9. 

Figure 10 is a physical map of plasmid series pBMi65 and plasmid series pBMi67 as derived :-cm 
plasmids pDHSI. a 56 bp oligonucleotide, and plasmid pBiVM20. 

Figure 1 1 is a physical map of plasmid oBM152 as derived from plasmids pOHSl and pBMi20. 
Figure 12 is a physical map of plasmid pBMH70 as derived from plasmids p6Mli7 and pBUQi.i 
Figure 13 is a physical map of plasmid p8MH30 as derived frcm plasmids pBMH3Kp and pSMGi.:. 
Figure Uis a physical map of plasmid pBM3H0 as derived frcm plasmids pBM3U and pBH0i *. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides nucleic acid promoter fragments of the Em gene of wheat writer are 
responsive to compounds possessing ABA-!ike activity to bring the expression of DNA sequences for 

-is selected gene products under external ccntrci. A major storage protein found in mature wheat emcryes s 
synthesized early during the process of seed maturation. Its synthesis can be monitored Dy the accurru-a- 
tion of a radioactive amino acid 3S S-methicnine. Based on these characteristics, Grzelczak et ah. Carao. J. 
3iochem. 60:389-397 (1982), named this protein "early-methionine-iabelled". or Em. Em begins to ac cu- 
mulated embryos by 21 days post anthesis, i.e., Stage III. When embryos are removed frcm the grain at 

so Stage II (15 days) or III and cultured in vitro , they germinate precociously into normal seedlings ana Em s 
ret accumulated. Williamson and Quatrano. Europ. J. Biochem. , 152:501-507 (1985) showed that if i0- -o 
10-* M ASA is present in the culture medium, both The Em mRNA and protein are rapidly synthesizec and 
accumulated. They further studied the regulation of the native Em gene in wheat by . application cf ABA :o 
intact mature embryos (Williamson and Quatrano. Plant Physiol. . 86:208-215 (1988)). Em is one of a 'am.ly 

55 of about 50 proteins that appear to be regulated in this manner by ABA. The Em gene of wheat, er.cccmg 
- the Em protein, includes the coding region for the protein, and all necessary regulatory sequences 
upstream (5) and downstream (3') and/or within the coding region, such as the upstream (5 ) promoter 
region. Another storage protein from wheat embryos. a.7S globulin, is included in this family (Williamson 
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anc Guatrano. Plant Physiol. , 36:208-215 (1988)). This globulin class of storage proteins has members in 
the nr.onccot maize (Khavkin et al„ Planta, 143:11-20 (1978)) and has been extensively studied and 
"Kar^iterized in dicot seeds, especially the segumes (Casey et aJ.. Oxford Surveys PI. Mol. Cell Biol., 3:1-95 
' i£86n. 3ased on the distribution of this class of storage proteins in seeas of many plants, we wouid expect 

z thai proteins and genes homologous to Em from wheat would be represented in all seed plants. 

In the context of this disclosure, a number of terms shall be utilized. As used herein, the term 
"promoter region" refers to a sequence of DNA, usually upstream (5) to the coding sequence, which 
ccnrrcis the expression of the coding region by providing the recognition for RNA polymerase and/or other 
factors required for transcription to start at the correct site. A "promoter fragment" constitutes a fraction of 

:j the DNA sequence of the promoter region. "Nucleic acid" refers to a large molecule which can be single- 
strancsd or double-stranded, composed of monomers (nucleotides) containing a sugar, phosphate and 
either a purine or pyrimidine. In higher plants, deoxyribonucleic acid (DNA) is the genetic material while 
ribonucleic acid (RNA) is involved in the translation of the information in DNA into proteins. The term 
"r.-clectide sequence" refers to a polymer of DNA or RNA which can be single-stranded cr doubie- 

:s stranced. optionally containing synthetic, non-naturai or altered nucleotide bases capable of incorporation 
r.io DNA or RNA polymers. As used herein, "DNA sequences for selected gene products" refers to a gene 
of Of! A sequences that codes for a specific protein. "Regulatory sequence", as used herein, refers to a 
nucleotide sequence iocated upstream (5 ). within, and/or downstream (3') to a DNA sequence for a 
severed gene product whose transcription and expression is controlled by the regulatory sequence in 

20 ccr.junction with the protein synthetic apparatus of the cell. The term "recombinant DNA construct" refers to 
a ciasmid. virus, autonomously replicating sequence, phage or nucleotide secuence. linear or circular, of a 
sirgie-stranded or couble-stranded DNA or RNA, derived from any scurce. in which a number of nucleotide 
sequences nave been joined or recombined into a unique construction which is capable of introducing a 
promoter fragment and DNA sequence for a selected gene product into a plant cell. As used herein, 

25 "rr.onccor/fedonous plant" or mcnocot refers to a plant whose seeds have only one cotyledon, cr organ of 
the embryo which stores and absorbs food. Similarly , "dicotyledonous plant" or dicct. refers to a plant 
■vhese seeds have two cotyledons. A "protoplast" refers to a plant cell without a cell wail or extracellular 
Tia:rix. 

As used herein, "transformation" means processes by which cell/tissue-plant acquire properties en- 

:o :ccea on a nucleic acid molecule that has been transferred to the cell/tissue/piant. "Transferring" refers to 
methods to transfer DNA into cells including microinjection, permeabilizing the ceil membrane with various 
physical (e.g.. eiectroporation) or chemical (e.g., polyethylene glycol, PEG) treatments, or by integration into 
the host nuclear DNA by the bacterial vector Agrobacterium tumefaciens. As used herein, "exposing" a 
crotcciast or a plant to a chemical substance refers to treating, incubating, contacting said protoplast or 

;s plant .vith the substance. The term, "operably linked" refers to the chemical fusion of two fragments of DNA 
tn a oroper orientation and reading frame to be transcribed into functional RNA. As used herein, the term 
"homologous to" refers to proteins or nucleic acids having similar sequences of amino acids or nucleotides 
'esoectiveiy, i.e., proteins or nucleic acids with the same structural or functional properties. The term 
"T/cression". as used herein, is intended to mean the transcription and translation to gene product from a 

-o :er.e coding for the sequence of the gene product, in the expression, a DNA chain coding for the sequence 
of the gene product is first transcribed to a complementary RNA which is called a messenger RNA and. 
then, the thus transcribed messenger RNA is translated into the above-mentioned gene product. Expression 
.vh-ch is constitutive and further enhanced by an externally controlled promoter fragment thereby producing 
excess copies of messenger RNA resulting in the accumulation of more than normal quantities of the 

-5 3e:ec:ed gene product is referred to as "over-production". The "translation start codon" refers to a unit of 
three nucleotides (codon) in a nucleic acid that specifies the initiation of the structural gene cr protein 
sequence. "Chemical inducers" are compounds which interact with promoters to trigger the expression of 
operabiy-linked structural genes, selected gene products or reporter genes such as GUS. 

"ABA-like" compounds are compounds that mimic the effect of ASA in one or more physiological 

zo orccesses or bioassays, such as stomataJ closure, bud/seed dormancy, inhibition of seed germination and 
.-esconses of plants to physical stress (c.f. Addicott. Abscisic Acid , Praeger Publ., N.Y. 507 pp. (1983); 
Acdicctt and Lyon, Ann. Rev. Plant Physiol, 20:139-164 (1969); Zeevaart and Creelman, Ann. Rev. Plant 
Physiol. 39:439-473 (7988)7 

"Transformed plant cell(s)" can include a protoplast(s) (plant cell without a cell wall) an isolated cell(s) 

55 or a ceiUs) within a transformed plant. 

The techniques of DNA recombination used throughout this invention are known to those skilled in ihe 
ar: and are generally described in Maniatis et a).. Molecular Cloning : A Laboratory Manual , Cold Spring 
Harbor Laooratory. Cold Spring Harbor. N. Y. (1982). 
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cnr/matic Treatments of ONA 



1 . Restriction Enzyme Digestions 

The restriction enzyme digestion buffers and digestion conditions used are those suopiiec by :he 
manufacturer of each particular enzyme. When recommended by the manufacturer, dithiothreitol (OTP, is 
added from a seoarate sterile stock solution to the recommended concentration. Enzyme is aaaed so give 
5-10 units per microgram cf DNA and the reaction mixture is adjusted to the appropriate final volume with 
H 2 0 (usually 10-20 ui). The restriction enzyme reaction mixtures used routinely contained 0.7-2.0 ug 
plasmid DNA. The reaction mixtures are mixed by vortexing and then incubated at the aporocriate 
temperature for 1.5 hours. Digestion of DNA with multiple enzymes is done concomitantly when the optimal 
salt and temperature conditions of the separate enzymes are similar. When these conditions are sufficiently 
different, digestions are done sequentially beginning with the enzyme requiring the fewest salt concentra- 
tion. Subsequent reactions are supplemented to the appropriate buffer conditions for the enzyme used. 



2. Ligation 

For ligation of DNA fragments. T4 ONA ligase from Bethesda Research Laboratories. Gaithersburg. MO 
20877 and the buffer suopiied with the enzyme (50 mM Tris/HCI pH7.6, 10 mM MgCl 2 . imM ATP, imM 
DTT, and 5% (w/v) polyethylene glycol (PEG) is used. Ore to two units of enzyme are aaaed per 
microgram of ONA. The reaction mixtures are incubated at either 16* C overnight or at 37* C for 2-4 hours. 



3. Fill-in/Chew-back Reactions 

it is necessary, on occassion. to fiil-in or chew-back the overhang of a particular restriction site prior to 
ligation. Fili-in is used for those enzymes that leave a 5 overhang at the site of restriction and chew-back .s 
useo for those enzymes that leave a 3' overhang. The fill-in reaction utilizes the Klenow fragment of E. pen 
DNA polymerase I. The reaction mixture is 1 unit of. Klenow fragment. 16 uM of deoxynucieocae 
triphosphates (dNTPs) (all four) in 10-50 mM Tris/HCI (pH 7.5.8.0). 0-50 mM NaCI ana is performed at 
37 'C for 15 minutes. When convenient, the reaction is performed in the same tube in which the reaction 
with the restriction enzyme(s) took place. In those cases, the salt concentration is adjusted to a finai 
concentration of less than 50 mM. When secondary restriction cigestion(s) are to be perfcrmec. the Klenow 
fragment is denatured by heating it to 65* C for 10 minutes to avoia unwanted rilling-in of seconcary 

restriction site ends. , 

T4 DNA polymerase may be used for fiiling-in restriction sites which leave 5 overhangs and ,cr 
chewing-back restriction sites which ieave 3' overhangs. The reaction mixture for both reactions is 10 units 
of T4 polymerase. 300 uM dNTPs (all four). 40 mM Tris/HCI (pH 7.5). 10 mM MgCI 2 . 5 mM OTT, 50 mM 
NaCI 50 ug/ml bovine serum albumin (BSA) and is performed at 11 C for 20 minutes. Similarly, wnen 
secondary restriction digestions are to be performed, the T4 polymerase is denatured by heating to 75 C 
for 10 minutes to avoid unwanted filling-in or chewing-back of secondary restriction site er.es. 



4. Exonuclease Ill-Mediated Deletion 

This procedure is designed for the construction of fragments of DNA reduced by the progressive, 
unidirectional deletion of ONA. This is accomplished by cigesting appropriately prepared ONA with 
exonuclease III (exolll) and removing aliquots at increasing intervals of time during the digestion. Tne 
resulting successively smaller fragments of DNA may be sequenced to determine the exact endpo.nt of the 
deletions. There are several commercially available systems which use exonuclease III (exolll) »o create 
such a deletion series (e.g. Promega-Biotec. Madison. Wl 53711. Erase-A-Sase System Caw e 5750). 

The procedure is performed as follows: The DNA molecule of interest (usually a plasmid . must .ontain 
at least two unique restriction sites. One of these sites (the first) will be the one from which the > defction 
reaction will proceed and may be adjacent to or within the DNA to be celeted. The second s^^ ^ 
position such that the first site lies between the second site and the ONA to be deleted. Tne molecule .s 
cleaved with the restriction enzymes (as described above) to prepare for the delet.on reacaon. .r.. 
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restriction site from which the deletion is to oroceed must produce a 5' protruding end or a blunt end 
'sensitive to exolli digestion). The other restriction site must either produce a 4 base 3 protruding end. or 
muse "ce filled-in with a-phosphorothioate nucleotides (insensitive to exclll digestion). When one enc of the 
rro:ecu:e must be protected from exolli digestion with the a-phosphorothioate nucleotides, the piasmid is 

5 c:-es:ed with this enzyme first. The ends will then be filled-in in the presence of 40 uM each of the fcur a- 
phospnorothioate nucleotides, 1 mM DTT, 20 mM Tris/HCI (pH 3.0), 100 mM MgCk and 50 units/ml Klencw 
fragment at 37' C for 10 minutes. 

The sample is then heated to 70 "C to inactivate the Klenow fragment and the second restriction 
ctgesticn is performed. If the second restriction enzyme is incompatible with the salt concentrations in the 

;o Kienov/ reaction, the sample must first be extracted with an equai volume of phenol:CHCla:isoamyl alcohol 
'25:24:1). and the DNA isolated by precipitation from the aqueous phase by the addition of 2 volumes of 
s-rancl. After the second restriction digestion is finished, the sample is extracted and the DNA again 
precipitated by addition of ethanol. 

The exotll digestion may now be performed on the isolated DNA. The procedure outlined below is 

-5 adacced for digesting approximately 5 ug of double-cut piasmid DNA and taking sampies at 25 intervals of 
time: Tne ONA sample is dissolved in 60 ul of 1 x exolli buffer (66 mM Tris/HCI (pHS.O), 6.6 mM MgCl*) 
ard 250-500 units of exolli nuclease is added, mixed rapidly and the sample is incubatea at 37* C. Alicuots 
'2.5 -J.:) are removed at various times from the reaction tube and added to 7.5 ul aiiquots of Si nuclease mix 
and !<eot on ice. SI nuclease mix consists of 40 mM potassium acetate (pH4,6), 0.33 mM NaC!, 1.35 mM 

20 ZrCb, 5.67 mM glycerol containing 0.3 units of SI nuclease/u.!. After all the sampies are taken, the Si mix 
t'jces containing the aiiquots of me different time intervals are removed frcm the ice and incubated at room 
-.emcerature for 30 minutes. To stop the SI reaction. 1 ul of SI stop buffer f0.3 M Tris base. 50 mM 
eihylenediaminetetraacetic acid (EDTA) is added and the samples are heated to 70 'C for 10 minutes. 

Aiiquots (2 ul) are removed from the sample tubes and are analyzed on a 1% agarose gel to determine 

js :he e/tent of digestion. The remainder of each of the sampies are transferred to 37* C and 1 ul of Klencw 
mix n a Klenow buffer-see above containing 0.10-0.15 unit Klenow fragment/u!) is added. After a 3 minute 
incubation oericd. 1 ul of dNTP mix (0.125 mM each of each of the four dNTPs) is added and the 
incubation is continued for 5 additional minutes. 

The samples are then moved to room temperature and 40 u.1 of ligase mix (50 mM Tris/HCI ipH 7.6), 10 

10 rr.M MgCI 3 , 1 mM ATP, 5% PEG, 1 mM OTT containing 0.005 units T4 ligase/ul) is added. The tubes are 
mixed .veil and allowed to incubate at room temperature for 1 hour. 

After ligation, the samples are transformed into E. coli as described in the section entitled 
"~ransfcrmation of Bacterial Cells". IndividuaJ transformants are analysed by isolation of piasmid ONA 
'smaii-scaiej followed by restriction digestion analysis and/or by sequencing (see below). 

:s 

Gel E'ectroohoresis of DNA 

For polyacryiamide gel electrophoresis of DNA, the Tris-8orate-EDTA (TBE) buffer described by 
-o Eethesda Research Laboratories. Gaithersburg, MD 20877, which consists of 89 mM T-is-39 mM borate (pH 
2.3). 2.5 mM NajEDTA is used. The gels used consisted of 5% acrytamide and 0.2% bis-acrylamide 
cissclved in 100 ml 1 x TBE. To this solution, 0.225 ml of an aqueous 25% ammonium persuifate solution is 
adced. 

After adding 55 ul of N T N,N',N'-Tetramethylethylenediamine (TEMED), the solution is pipetted into a gel 
-5 mola. A 0.75 mm comb and 0.75 mm spacers are used and approximately 0.5-1.0 ug of ONA is loaded per 
.-/ell. Electrophoresis is carried out at 150-250 volts in 1 x TBE. After electrophoresis, the gel is stained in 
an aqueous solution of ethidium bromide (0.5 ug/ml) and the DNA is visualized on an ultraviolet 
-ransiiluminator. The gel is photographed using a Polaroid camera and Polaroid 57 film (Polaroid Tech. 
Photo. Cambridge. MA 02139). 
zo ONA is recovered from polyacryiamide gels as follows: the desired band, visualized by ethidium 
bromide staining, is cut from the gel. placed in an Eppendorf tube and minced with a teflon pestle. An equal 
volume of a 0.5 M ammonium acetate. 1 mM EDTA solution is added and the tube is incubated at 37 'C 
overnight. The following day. the tube is centrifuged at 14.000 x g in a microfuge for 5 minutes at room 
temperature, the supernatant is removed. 1/2 volume of fresh elution buffer is added to the minced 
55 cciyacr/tamide and the contents are mixed by vortexing. 

The tube is again centrifuged, as above, for 5 minutes and the supernatant removed and pooled with 
•he supernatant from the first centrifugation. The pooled supernatants are passed over a small glass wool 
column to remove any residuai polyacryiamide gel pieces and the DNA in the sample is precipitated two 
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times consecutively, each time by aadition of 2 volumes of ethanoi and jncuoation in cry ice-ethanoi. The 
ONA ts collected by centrifugaticn of the sampie in a microfuge. as atove, for 15 .T.mutes at .-com 
temperature. The pellet is then resuspended in the buffer of choice depending on the nature of the next 
manioulation. 

Agarose gel electrophoresis of ONA is performed in 1 % agarose gels using the buffer descnbed above 
for oolyacrylamide gels. Ethidium bromide is added to the agarose to a final concentration of 0.5 ag/ml 
prior to pouring ;he gel. No ethidium bromide is included in the running buffer. After electrophoresis. :he 
ONA is visualized on an ultraviolet transilluminator and photographed as described above. ONA is recovered 
from agarose geis by electroelution onto OEAE-cellulose paper (Schleicher 4 Schuell. Inc. Keene, NH 
C3431. Cat# NA45). The ONA is aluted from the paper by incubation at 65* C in 1 x Tris-EDTA (TE) (lOmM 
Tris/HCI. 1 mM EDTA. pH 3.0) containing 150 mM NaCI for 15-20 minutes. To aid the eluticn cf the ONA. 
the" contents of the tubes are mixed by vortexing them for 30 seconds every 5 minutes of incubation. The 
*iuted ONA is precipitated by addition of 2 volumes of ethanoi and incubation of the resultant mixture m a 
dry ic=-=thanol bath until the contents in the sample becomes a slurry. The ONA is pelleted by 
r=ntrifugation of the tubes in a microfuge at 14,000 x g for 15 m.nctes at room temperaturs and 
^suspended in 1 50 ul TE. The resuspended ONA is extracted once the phenoliChCbasoamyi alccnol 
(25 24-1) and the aqueous phase is transferred to a fresh tube. The aqueous solution is mace 0.3 M with 
respect to sodium acetate by addition of 3.0 M scdium acetate and the ONA is precip.tated by acaibon or 2 
volumes of ethanoi as before. After centrifugation. as already described, the resulting ONA pellet is 
resuspended in the appropriate buffer depending on the next manipulation. 



Transformation of Bacterial Cells 

Transformation of E. coli with oiasmic ONA is performed as descnbed by Davis et al.. A Manual for 
Genetic Engineering. Advanced Bacterial Genetics. Cold Spring Harbor Laboratory. Cold Spring Haroor. N. 
Y~(T98 2) Cultures are grown from single colonies of E. coli in a rich medium (i.e.. Luna-Bertam 'L3) 
medium) >o early log phase fOD <§ 550 = about 0.3). The bacterial cells are pelleted by centrifugaticn in a 
.-iinical centrifuge at 1,400 x g for 10 minutes at 4*C. The cells are resuspended in 1/2 volume or ico-ccmj 
CaC! 2 (50 .mM) solution by gentle vortexing. and the resulting suspension is incubated on ,ce for 20 
minutes. The cells are collected again by centrifugation as above and resuspended in 1/20 vomme -ce-co.d 
CaCl2- These are now comoetent E. coli cells. 

Ligation mixtures are diluted a! least 50% with TE prior to adding competent E. col. cells. .Typically, a 1 , 
o =nd 5 al aliquot of each ligation mixture is placed in pre-chilled. sterile Eppendorf tubes and .c .s adcsd 
lo a final volume of 10 ul. E. coli cells (200 ul of competent ceils) are added to each tube and the tuces are 
incubated cn ice for 40 minuteT The transformation tubes are heat shocked by incubation rcr 2 minutes at 
42 - C after which they are returned to ice for 2-3 minutes. One ml of rich medium is added to eacn tuce 
and the tubes are incubated at 37" C for 30-60 minutes. 

The -ells are pelleted by gentle centrifugation (in a microfuge at 7.000 x g). most of the medium is 
decanted and the pelleted cells are resuspended in the 100-200 ul of medium left in tube. 

The contents of each transformation tube are spread on an LB-agar plate containing 100 ug.<ml ot 
amoicillin or the reouired amount of other antibiotics as appropriate (antibiotic plates). The ant,b,ot.c- 
resistant cells which grow are analyzed for the presence cf the appropriate ONA ccnstruct by isolation cr 
plasmid ONA (small scaie). restriction enzyme analysis (below) and by sequence analysis (below). 



Preparations of Plasmid ONA 



1 . Urge Scale Isolation of Plasmid ONA 

Piasmid-harboring strains of gram negative bacteria are grown to saturation overnigh t at 37 ' C in LB 
medium (described by Maniatis et al., Molecular Cloning; a_ Laboratory Manual, p 440. <™*™£Z" 
Laboratory Cold Spring Harbor. N. Y. imTZXSS*™ ug/m. ampici.lin or ^^^^ 
tion of whatever antibiotic is used. The bacteria, cells are harvested by centr.fug adon. « abc ve. «asned 
once with 10 mM MgSOi. collected again by centrifugation. then lysed by an alkaline lysis procedure 
essentially as described by Maniatis et al.. supra. The prpcedure is as follows: 

r£e ce£ from a 500 ml culture are resuspended in 10 m. of ice-cold lysis solufon and mcuba.ed at 
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rccm r.emperature for 5 minutes. Lysis solution consists of 50 mM glucose, 25 mM Tri&HCI (pH 3.0), 10 
m i. -1 EDTA and 5 mg/ml of lysozyme, me lysozyme being added just prior to use. After the addition of 20 

:.f a solution of freshly-made, ice-ccld 0.2 N NaOH, 1% scdium dcdecyl sulfate (SOS) the contents are 
•hcroughly mixed and incubated on ice for 10 minutes. Then, 1 5 ml of a 5 M potassium acetate solution is 
accec, and the contents are mixed by vortexing for 30 sec. The mixture is then incubated on ice for an 
adoiiicnal 10 minutes. The 5 M potassium acetate solution is prepared by addition of 50 ml of 5 M 
potassium acetate and 11.5 ml of glaciaJ acetic acid to 28.5 mi of H 2 0. The resulting solution is 3 M with 
rescec: to potassium and 5 M with respect to acetate. 

The tubes are then centrifuged at 47,500 x g for 20 minutes at 4* C and the supernatant is transferred 
to a fresh rube. Nucleic acid is precipitated from the supernatant by addition of 0.6 volumes of isopropanol 
followed by incubation for 15 minutes at room temperature. The nucleic acid is peileted by centrifugation at 
12.300 x g at room -temperature for 30 minutes. The supernatant is discarded and the remaining nucleic 
acid peilet is washed once with 70% ethanol. The pellet is resuspended in 5 ml TE, and further purified as 
described below. 

The resulting piasmid DNA is purified by banding it two times successively in cesium chioride-emieium 
brcmice (0.97 g/ml and 0.43 g/mt respectively) equilibrium density gradients by centrifugation at 220,000 x 
g at 20* C for 14-18 hours. The bands containing the piasmid DNA are removed from the tubes by inserting 
a 23 gauge neeole (connected to a 5 ml syringe) through the side of the tube. Ethidium bromide is removed 
■'rem -he sample by extraction with HbO-saturated n-butanoi. The extraction is repeated until there is no 
longer a visible pink color in the aqueous phase. The extracted piasmid DNA is mixed with 2.0 volumes 
H:G :o dilute the CsCl. The sample is then mixed with 2.5 volumes of 95% ethanol and piaced at -70* C for 
20 -.inures. The DNA is pelleted by centrifugation at 12.000 x g for 30 minutes at 4' C. The DNA pellet is 
-vasred once with 70 percent ethanci -hen resuspended in 0.36 ml of 1 x TE and transferred to an 
Eccencorf tube (1.5 ml). Sodium acetate (3M) is added to a final concentration of 0.3 M M/iO volume) and 
the olasmid DNA is re-precipitated by the addition of 2 volumes of ethanol. The nucieic acid is pelleted by 
centrifugation and dissolved in a final volume of 0.5-2.0 ml of TE and stored at -20* C. 



2. Small Scale Isolation of piasmid DNA 

Each of a number of single, well-isolated antibiotic-resistant bacterial colonies from antibiotic plates is 
■-sed to inncculate separate tubes containing 2 ml of L3 medium with ampicillin at 125 tig/ ml or other 
antibiotic and the resulting cultures are grown for at feast 4 hours at 37* C with shaking. 

Eacteria from the same culture are streaked on an antibiotic plate and incubated at 37* C overnight. 
This ts called a master plate and will be the source of bacteria for subsequent manipulations. To obtain 
piasmids rrom them, the cultures are processed as follows: A portion of each culture (typically 1.5 ml) is 
transferred to a 1.5 ml Eppendorf tube and the cells are harvested by centrifugation at 14,000 x g for 1 
mxuEe. The peileted cells are resuspended in 100 llI of ice-cold, lysis solution (previously described) to 
which 4 mg/ml lysozyme is added just prior to use. The tubes are incubated at room temperature for 5 
minutes, then 200 ul of a solution of freshly-made, ice-cold 0.2 N NaOH, 1% SOS are added. The tubes are 
mixed by inversion several times followed by incubation on ice for 5 minutes. Then, 150 u.l of a 5 .VI 
cctassium acetate solution (previously described) is added, and the contents of the tubes are mixed by 
/crtexing for 10 seconds while the tubes are in an inverted position. 

After they are incubated on ice for an additional 5 minutes, the tubes are then centrifuged at 14.000 x g 
•'or 5 minutes at 4* C. The supernatant is transferred to a fresh tube and extracted with an equal voiume of 
orenol:CHCl3:iscamyl alcohol (25:24:1). The tubes are again centrifuged, as above, at room temperature for 
5 minutes in a microfuge and the aqueous phase is transferred to a fresh tube. The nucleic acid is 
precioitated from the solution by addition of 2 volumes of absolute ethanol, mixing by vortexing for 10 sec. 
and incubation for 2 minutes at room temperature. The tubes are again centrifuged. as above, at room 
temperature for 5 minutes. The ethanol is removed and the remaining nucleic acid pellet is washed once 
with 70% ethanol. The pellet is resuspended in 50 ul of TE containing 20 ug/ml RNase A. 

Tne presence of the desired piasmid is determined by digestion of a 10 ul aliquot of the recovered 
DMA with the appropriate restriction endonucleases. The fragments produced in the digestion are analyzed 
by electrophoresis on agarose or poly aery lam ide gels as described above. The master plate is used to 
•nitrate cuitures originating from single colonies for large scale isolation of the piasmid and also for the 
precaration of bacterial stocks which are stored at -70* C in LB medium containing 20% glycerol. 
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ONA Sequence Determination and Analysis 

Piasmid ONA was prepared as described above for large scale isolation. The protocol used is a 
combination of the method of Zagursky. et ai. ( Gene Anal. Tech. , 2:89-94 (1985)) and the method suopiieo 
5 with me SequenaseO Sequencing Kit (Cat. #70700) available commercially from U.S. 3iochemtcai Coro.. 
Cleveland. Ohio 44122. The piasmid ONA is sequenced as follows: Three ug of an aaueous olasmid 
sample, in a total volume of 3 at, is placed into a tube. 2 llJ of 2 N NaOH is added and mixed well. The 
tuoes are incubated at room temperature for 5 minutes after which 1 ul of a primer Oligonucleotide. 3 ul of 
H 2 0, and 3ui of 3 M NaOAc (pH 5.2) are added and the sample are mixed. The plasmio ana primer are co- 

>o precipitated by addition of 75 ul ethanol and incubation in a dry ice/ethanol bath for 20 minutes. The nucleic 
acids are pelleted at 1 4,000 x g for 5 minutes at room temperature. The pellet is resuspendec in 8 ul H 2 0 
arc 2 llI of 5 x Sequenase® buffer is added. Sequenase® buffer (5x) is 200 mM Tris/HCI pH7.5. 100 mM 
MgCIa. 250 mM NaCI. These are called the annealing tubes. 

The samples are incubated at 65 C for 2 minutes and allowed to slowly cool to rccm temperature by 

<*5 placing the samples in a beaker of 65 *C HzO and allowing the H 2 0 to cool at room temperature. While the 
sampies are cooling. 4 tubes are labelled for each reaction (one each G. A, T. and C) and 2.5 ul cf -he 4 
termination mixes (supplied with the kit) is added to the appropriately labelled tubes anc the tubes are 
capped. These are cailed the termination tubes. Termination mixes all contain 160 uM dITP. 30 uM aATP. 
80 uM dCTP. 80 uM dTTP and 50 mM NaCI. In addition, the G termination mix contains 1.5 uM cdGTP, 

20 the A termination mix contains 8 uM ddATP, the T termination mix contains 3 llM dcTTP. and the C 
termination mix contains 8 uM ddCTP. The termination tubes are then prewarmed to 37* C. 

After the annealing tubes cool to below 35* C. 1 ul of 100 mM OTT. 2 ul labeling mix. and 0.5 ul of 
-S-dATP (500 Ci/mmol) are added and the tubes are mixed. Labeling mix is 3 uM dITP. 1.5 uM dCTP. 
and 1.5 uM dTTP. The Sequer.ase® enzyme is then added (6.5 units/annealing), the sampies ar9 mixed 

is ana incubated at 37 *C for 5 minutes. These are now called the labeling tubes. The contents of the laceling 
tubes are then alicuoted into the termination tubes. 3.5 ul into each (G. A, T. C), and the incubation is 
continued at 37 C for an additional 5 minutes. After the termination reaction, 4ul of stop solution is added. 
Stop solution is 95% formamide, 20 mM EDTA. 0.05% brcmphenol blue, and 0.05% xylene cyanoi. 

The samples are heated to 75 ' C for 2 minutes and electrophoresed on a 5% poiyacryiamide 

30 sequencing gel. The gel is 6% poiyacryiamide (acrylamide:bisacrylamide = 19:1), 3 M urea, and 1 :< T3E 
buffer (see above). The running buffer is also 1 x TBE. The gel is electrophoresed at 12 mA tccns-ant 
current), dried aown on Whatman 3MM chromatography paper and exposed to Kodak XAR X-ray fiim for i- 
2 days at room -temperature. 

35 

P'asmid Constructions 

Plasmids may be constructed using restriction enzymes, polymerases and other procedures as 
described above and which are well known to those skilled in the art and described in Maniatis et al.. supra. 

-«o The promoter fragments of ONA of this invention may be obtained by digesting piasmid pEAS4i.3 which 
has been deposited in the American Type Culture Collection. Rockville. MO 20852-1776. accession number 
37647, with the restriction endonucleases Ahall and Sail and isolating resulting ONA fragments with about 
1500 and 354 bp. These fragments are joined together, in the proper orientation and order (hereafter 
referred to as the 1850 bp promoter fragment) and placed 5 to a reporter gene or any gene whose 

-s expression is to be controlled by abscisic acid. The construct resulting from the linkage of the oromoter 
fragment of ONA and a desired gene may be placed in a piasmid vector capable of growing in bacteria, rcr 
convenience in preparing quantities of the construct. The 1850 bp promoter fragment of ONA may be 
further reduced in length to contain 640 bp, 254 bp or 50 bp by suitable enzymatic digestions, isolations 
and ligations. When operably linked to a gene or ONA sequence, said 640 bp. 254 bp and 50 bp promoter 

so fragments retain their ability to respond to the presence of suitable concentrations of ABA. The molecular 
manipulations of ONA to construct the plasmids disclosed below were done as described in the secticn 
above and include digesting ONA with specific endonucleases, isolating fragments from gels, filling-in 
certain restriction site overhangs, ligating desired DNA fragments, and transforming bacterial cells. Several 
such plasmids are produced in the EXAMPLES but these are not meant to be ail inclusive. 

55 

Isolation of Protoplasts 
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Fice suspension cultures, initiated from immature embryos or anther-derived callus, are maintained by 
weekly subculture at a 1:4 dilution ratio with fresh liquid N6 medium as described in Chu et al.. 3ci Sinica 
12: 559-663 (1975) containing 2 mg/ml 2.4-dichiorophencxyacetic acid and 3% (w/v) sucrose~H 3.0. 
Prctcplasts are isolated from suspensions of rice cells 4-6 days after subculture by overnight incubation 
M6-13 h) in 4 ml of enzyme solution per gram of cells and agitation of the mixture on a rotary shaker at 30 
rpm at 25 * C. The enzyme solution contained 2% (w/v) celluiase "Onozuka" RS and 0.5% (w/v) 
Macerczyme fboth from Yakuit Honsha, Nishinomiya, Japan) and 13% (w/v) mannitol, pH 5.3. Released 
orotOOiasts are filtered through a 60 am mesh size nylon screen, transferred to 50 mi Pyrex test tubes and 
-vasred twice by centrifugation at 80 x g for 10 minutes in Krens' F solution (140 mM NaCl. 3.6 mM KCI, 
0.75 mM Na2HPOA«7H 2 0, 5mM glucose. 125 mM CaCl2, pH7.0). Protoplasts are purified by resuspending 
the pallet in N6 medium with 17% (w/v) sucrose, centrifuging at 30 x g for 20 minutes and collecting the 
floating layer. Cell counts are made with a Fuchs-Rosenthal hemocytometer. 



Transformation of Prctopiasis 

Protoplasts are transferred as follows: Protoplasts (1-5 x 10 s ) are centrifuged gently (80 x g) for 2 
rr in ties in sterile tubes. The supernatant is removed and discarded and the tubes are shaken gently to 
'oossn -he protoplasts from the bottom of the tube. The ONA sampie. with which the protcpiasts are to be 
transformed, in 5 al or less of TE. is added to the protoplasts. The tubes are shaken gently to disperse the 
ceils : n the DNA solution then 100 al of a solution containing 40% PEG (Pclysciences Inc.. Warringicn PA 
ic376. CAT* 1102) and 3 mM CaC!2 is adced. The resulting mixture is mixed gently for 10 seconds, then 
1.0 mi of Krens' F solution is added to diiute out the PEG. 

"he tubes are incubated on ice for 15-20 minutes and then centrifuged at 80 x g for 4 minutes. The 
supernatant is removed and the protoplasts are washed once with 1.0 ml of a solution of Krens' F solution. 
The O'Otoplasts are resuspended in protoplast medium (0.2 mM KH 2 PO*, 1 mM KN0 3 , 1 mM MgSOi. ' 
uiM Kl. 0.1 u.M CuSOt, 10 mM CaCU, 10% mannitol, pH 6.5) at a density of 1 x 10 s protoplasts per mi ard 
■rcubated at 25* C, in the dark, for the desired periods of time, with or without A8A, phaseic ac:c. 
Cc.r.cound C or Compound O. 



GUS Assay 

Protoplasts are harvested by centrifugation at 80 x g, and are resuspended in 0.5 ml ix GUS lysis 
buffer <50 mM NaPO* fpH 7.0), 10 mM 2-mercaptoethanol, 10 mM EDTA, 0.1% Triton X-100. 0.1% .V 
lauroylsarcosine). The suspension containing the lysed protoplasts is transferred to Eppendorf tubes and 
centrifuged in a microfuge at 14,000 x g for 10 minutes. It is possible to freeze the suspension of !ysea 
cells in the extraction buffer if the assay is to be performed at a later date. Forty-five al of the supernatant 
is transferred to a tube containing 755 ul h^O for analysis of protein content. Protein content is deterrrirec 
«j sing the Bio-Rad Laboratories. Richmond, CA 94804, microassay. For the assay, 0.2 ml of :he rye 
concentrate is added to the 800 al sample and the absorbance is measured on a spectrophotometer 2: 2 
wavelength of 595 nm. A standard curve must be calculated using a protein such as bovine serum aibumm 
and ;he amount of protein in the experimental samples is read off the standard curve. The protein content, 
so ceiermined, is multiplied by a factor of 2 to give the protein content in 90 al of extract (which -s :re 
amc'-nt of extract in a single time point of the assay-see below). Of the remaining supernatant : iuid. 405 _i 
is transferred to a fresh tube for analysis of GUS activity. 

The substrate for the assay is 4-methyl-umbelliferyt-£-0-gIucuronice (4-MUG) and was obtained from 
Sigma Chemical Co., St Louis MO 63178, Cat* 9130) in 1 x GUS buffer. It is at a concentration of 1 mM r. 
the assay. One/tenth volume (45 al) of a pre-warmed (37 *C) 10 mM 4-MUG stock is added to the 
pre.varmed 405 al protoplast extract, and a 100 ul aliquot is immediately transferred to a weil cf a 24-weii 
rr.rcrc titer dish containing 0.9 ml 0.2 M NazCOj. Similar aliquots are removed at 0.5 hour, 1 hour, ana 2 
hours or at 1 hour, 2 hours and 4 hours, and the microtiter dishes are stored in the dark between ::me 
pcints. The dishes may be examined for the fluorescence of 4-methyl umbelliferone (4-MU), the product cf 
enzyme digested 4-MUG, by means of an ultraviolet transilluminator. Individual samples, from each time 
peine, may be examined on a flourimeter for quantitative analysis. In the case where quantitative analysis ;s 
desired, the excitation wavelength should be set at 365 nm and the emission wavelength should be set ai 
455 nm. Standards of 4-MU (Sigma Chemical Co., Cat* 1508), are also measured on the fluorimeter 
'typically at concentrations of 100 nM and 1 aM) and the specific activity is calculated as the picomoies cf 
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4-MU produced per ng protein per hour of assay. 



Transformation of Plants 

5 

There are two general forms in which foreign genes can be expressed in plant ceils; as fixed integrates 
into the nuclear ON A (genome) of the host cell (stable expression), or not integrated but freely active in the 
ceil (transient expression). To test fcr stable expression of genes requires weeks or months to regenerate 
transformed tissue and in many cases considerable space in growth chambers and greenhouses to grow 

to the required amount of tissue/plants. If one is testing the effect of numerous recombinant ONA constructs 
(e.g.. 50-100) for regulation of the foreign genes in separately transformed plants, the time and space 
required becomes considerable. If on the other hand, cne has fast (hours), reliable transient expression 
systems to quickly test in ceils, in a preliminary screen, which of the 50-100 constructs wouid be the most 
likely ones to show the natural regulation in stable transformants. significant time ana money would be 

is saved. Such a system wouid be even more important for most monocots (including the cereals), since these 
plants cannot be regenerated from singie ceils. With the exception of ric9 (rice plants nave been 
regenerated from protoplasts by Kyozuka et al.. MoL Gen. Genet , 206:408-413 (1987)), genes introduced 
into single cells from monocots cannot be monitored in stable, transgenic monocot plants for reguiatcry 
sequences. Using the methods of this invention, one can determine if inducible cereal promoters can be 

20 recognized in rice protcpiasts using a transient assay, and if so, to quickly determine those sequences that 
are required for the induction. Furthermore, such a transient assay would allow the raoid screening of 
numerous analogs of a chemical inducer of gene expression such as ABA. to optimize structure/excressicn 
activity. Knowing that the induction works in rice cells, and that the key regulatory regions of the gene and 
specific moieties of tne chemical inducer have been initially identified, one could introduce these sequences 

25 into a relatively few staoie transformants of rice. Confirmation of the correlation between resuits obtained in 
transient expression sy terns with those from stable integration is provided by the Ebert et al. and Eilis et ai. 
references discussed supra. These two studies, one using a constitutive bacteriai promoter, the other an 
inducible promoter from a plant, both operably linked to an easily measured reporter gene, CAT, 
demonstrate that transient assays in monocot (maize) cells can predict sequences that are regulatory in 

30 stable transformants of the dicot tobacco. 

The main approach used to identify operative recombinant ONA constructs of general utility is to place 
regulatory sequences derived from monocots in cells that are easy to transform, i.e.. dicots such as 
tobacco, to determine if their sequences are recognised in transgenic plants, in fact, the Ebert et al. and 
Eilis et al. references demonstrate that when a viral enhancer element was operably linked to a maize 

35 inducible promoter (Adhl), and this construct stably introduced into tobacco plants, stable transformants 
were successfully induced by low oxygen levels. 

Similarly, we have introduced the Em promoter from wheat (monocot), operably linked to the reporter 
gene GUS. into tobacco plants via the bacterial vector Agrobacterium tumefaciens to test 'for ABA inauction 
of GUS in stable transformants (transgenic plants). Since Em gene expression was initially detected only in 

40 embryo tissue of wheat seeds in response to ABA. the regulatory sequences within the promoter may 
specify A8A-regulated expression only in embryo tissue. To determine if both these regulatory components 
of the Em promoter (i.e., tissue specificity and ABA inducibility) are represented in the same or different 
segments requires analyses of GUS expression throughout the life cycle of transgenic plants. Although the 
regulatory sequence responsible for ABA induction can be determined from transient expression in single- 

js celled protoplasts, those sequences responsible for tissue specificity must be determined in multi-cellular, 
transgenic plants. Initially, we introduced ABA-regulatory regions of the Em promoter (as defined in the 
transient assay) operably linked to GUS into the tobacco plant genome via Agrobacterium . We then 
determined that the regulation throughout the life cycle of tobacco was identical to the normal regulation of 
the Em gene in wheat. We precociously induced GUS expression in very young seeds by exposure to 

so exogenous ABA, and have shown the expression of GUS in mature seed. We demonstrated that the region 
of the promcter responding to ABA in protoplasts (defined in the transient system) includes that region 
regulating tissue specificity in transgenic plants. In addition this demonstrates that these regulatory 
sequences from the monocot wheat are recognized and operable in the dicot tobacco. 

55 

Chemical Inducers 

To bring plant gene expression under external chemical control in the Held requires that the chemical 
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rxt orvy be able to induce specific gene expression in transgenic plants, but that the chemical have unique 
traits that will allow it to be effective under field conditions, e.g.. light stable, ability to be translocated within 
■he z\zr.i etc. Eqiiaily important will be a lack cf toxicity or additional physiological effects on the plant. For 
example. ABA is a natural growth regulator found in all seed plants (cf.. Oavies. P. (Ed.) Plant Hormones 
ar.c T '-eir Roles in Plant Growth and Development ., Martinus Nijhoff Publ. (1987)). It is light sensitive and 
.vtil na/e pronounced physiological effects when applied to certain plant parts (cf., Zeevaart and Creelman. 
Ann. Rev. Plant Physiol. , 39:439-473 (1988)). For example, when sprayed on leaves. ABA will causa 
s;onai€s to ciose ana thereby prevent gaseous exchange between the plant and the atmosphere. ABA has 
a:sc been shewn to inhibit seed germination, and to play a role in bud/seed dormancy, leaf senescence and 
in responses of plants to various physical stresses such as temperature and water. Numerous compounds 
have been described that mimic the effect of ABA on one or more of these processes (or any other A8A- 
mediated process) and are referred to as "ABA-like". If ABA-like compounds are to be used as chemical 
Inducers of selected genes at ail stages, their effects on these key physiological processes must oe 
minimized or eliminated. 

The transient assay and the experiments with transgenic piants outlined above wiii provide excellent 
tests .vhich will allow us to optimize for field applicability traits as well as gene inducibiiity effectiveness of 
chemical inducers that are A8A-!ike. For exampte, Compound C [2-fiuorc-5-l-hydroxy-2.S,3-tnmethyi-4-oxo- 
cyc:chex-2-en-l-yl/-3-methyl-2.4-pentadienoic acid] differs from A8A by addition of a fluorine mciecuie in 
the structure, possibly making it more light stable. Compound D [i.4-dihydroxy-.3.2,6.6-tetramethy:-2- 
cyciorexane-l-penta-cis-2.trans-4-dienoic acid] differs in the introduction of a hycroxyl in olace of an 
cxyesr.. Both of these compounds are structurally very similar to ABA and are functionally "ABA-iike", i.e., 
tr.ey bc-h inhibit seed germination. Jung and Grossman reported (J. P'ar.t. Physiol. 121:361-367 (1985) and 
J. Agrcn. Crop Sci. 153:14-22 (1984)) that various terpenoid derivatives are very "AEA-iike" in their ability to 
crcauce certairT^hysiological effects, e.g., stomatal closure, increase leaf senescence and increased 
chii'ir.c freezing resistance (Floras et al., J. Plant Physioi. 132:362-369 (1988)). These terpenoid derivatives 
ere described in two German patents by Bliesener et al. (1981 - OOS P 31 43 721) and Sauter et at. (1981 - 
DOS P 31 43 720). The effect of two such derivatives. Compound E [l,4-Oioxaspiro(4.5]dec-S-en-a- 
ji.2.7.9.9-tetramethyl-3-[3 methyl-4-(4-methyl-1 ,3-dioxoian-2-yl)-3-buten-l-ynyi]-] and Compound F [1.4 
Cic/asoirot4,5]dec-6-en-8-ol,8-(5.5-dim^ are cieany 

ABA-like when assayed for their ability to close stomates and promote leaf senescence (Jung and 
Grcssmann. J. Plant Physiol., 121:361-367 (1985)) as well as increased chiiling and freezing resistance 
<F!cres et al.Tj. Plant Physiol. , 132:362-369 (1988)). We would predict that all such ASA-iike compounds 
might serve as*cremical inducers of our Em promoter/Gus construct. Using cur specific and rapid transient 
essay .n protoplasts, a series of ABA-like chemical inducers, that may nave reduced or no effects cn the 
pnysicicgical processes mentioned above (separately determined in bioassays for these processes) can ce 
'.estec for their ability to induce gene expression. Screening of numerous compounds at different, concentra- 
tions through our transient assay and these bioassays could result in an iceal chemical inducer in the fieid, 
i.e.. one wnich induces gene expresison at a concentration that is without other effects on the plant or plant 
processes. 

In addition to screening various ABA-iike compounds for the most effective inducer, one can also 
;ncen:::y in the transient assay, the smallest and most responsive promoter sequence to these compounds. 
One could delete sections of trie promoter until the smallest fragment is identified, facilitating subsequent 
manipulations of this ABA-regulatory sequence into other promoters/genes. In addition, one can make base 
substitutions in this small fragment to further delineate the specificity of control for each inducer. The 
comc.ned use of this rapid preliminary screen in protoplasts, with testing of the inducers on transgenic 
plants under fieid conditions will resuit in the optimal structure/ function combination of chemical inducer and 
centreing sequence for ideal control of gene expression in the field. 



3tab»e Transformation of Tobacco 



'n crder to introduce DNA constructions into plants, the constructions are mobilized from £. coli strain 
HBiOl into Agrobacterium tumifaciens , strain LBA4404. E. coli strain HB101, harboring The plasmid 
pRK20l3, is usee as a helper for the plasmid mobilization in a triparentaJ mating. LBA4404 is grown 
overnight at 28* C in 5 ml of minimal A-sucrose medium (37.5 mM (NHihSO*. 165 mM KH2POV 300 mM 
KsHPOi. 8.5 mM sodium citrate. 1 mM MgSO*. 0.2% sucrose, SOug/ml thiamine). The HB101 derivatives 
are grown at 37' C in luria-Bertani (L3) broth containing the appropriate antibiotic for 3 to 5 hours (to 
accrozimataly 6-3 x 10 8 cells/ml). The cells from ail cultures are pelleted by centrifugation and resuspended 
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in 5 ml LB broth (to .-amove antibiotics from the mecium). 

( the bacteria) strains are mixed as follows: 100 nl of each of the H8101 :envatives ara 2«0 ••! of 
-BA4404 are placed in a 1.5 ml microcentrifuge tube, mixed well and pelleted gently. The bact«rial"cei7ei ; s 
resuspended m 50 ul LB broth and the mixture is pipetted onto a sterile nitrocellulose disk (MilKocre «A 
type niters). Each nitrocellulose disk is transferred to a stack of 6-3 sterile Whatman *i filter paper aisks to 
remove the excess liquid from the culture and thereby concentrate the bacteria in -re mixture Tf- 
^trocellulose disks are then placed onto L3 agar in a 150 mm petri dsn and incubated for acoroximately 
16 nours at 28 C. 

_ Following the incubation, the disk is sterily transferred to a 15 ml tube containing 5 ml 10 mM MgSO* 
me tuoe .s vonexed to release the bacteria into the liquid. The bacteria (100 ll! anc 50 tii aiiquots) are 
piateo on 2 minimal A-sucrose plates containing the appropriate antibiotic(s) and incubated at 28 'C for 3 
days. After the incubation, resistant colonies are selected and the presence or the cesirea construe ; s 
confirmed by preparation of plasmid ONA (small-scale procedure from acove) followed by restriction 
enzyme analysis. 

Recombinant ONA constructs are stably integrated into the nuclear ONA of tcbacco via Agrccactenum 
tumifaciens infection of tobacco leaf disks. Standard aseptic techniques for -he manipulation of sterile mecia 
and axenic plant/bacterial cultures are followed, including the use of a laminar flow hood for all transfers. 
Ported tobacco plants for leaf disk infections are grown in a growth chamber maintained for a 12 hour 
24 C day. 12 hour, 20* C night cycle, with approximately 30% relative humidity, under mixed ccoi white 
fluorescent and incandescent lights. Tcbacco leaf disk infections are carried out essentially fcy me m«^od 
of Kcrsch et al.. Science , 227:1229-1231 (1985). 

Young leaves, net fully expanded and approximately 6-10 cm in length are harvestec with a scaicel 
from aoproximately 4-5 week old tobacco plants. The -eaves are surface sterilized for 20 minutes by 
sucmerging them in approximately 500 mi of a 10% Clorox, 0.1% SOS solution and then rinsing rherrf 3 
times with stenie deionized water. Leaf disks. 8 mm in diameter, are prepared from whole ;eaves usinc a 
5teriie paper punch. 

Leaf disks are inoculated by submerging them for several minutes in 20 ml of a 1:20' dilution of an 
overnight Y53 broth culture of Agrobacteria carrying the plasmid of interest. After inoculation, the ear risKs 
are placed in petri dishes containing jNIB agar medium (Murashige Minimal Organics Mecium <G*bco. 
Grand Island. N.Y. 14072) with 0.1 mg/l thiamine. 0.5 mg/l pyridoxine. 0.5 mg/l nicotinic acia. 3 :m.-i agar' 
0.1 mg/l naphthalene acetic acid (NAA), and 1 mg/l benzyiaminopurine (BAP), pH 5.3). The c;a:es"\re 
sealed with parafifm and incubated under mixed fluorescent and "Gro and Sho" plant lights (General 
Electric) for 3 days in a culture room maintained at approximately 25 * C. 

To eliminate Agrobacteria from the leaf disks and to select for the growth of transformed .tobacco 
35 me leaf disks are transferred to fresh JNIB medium containing 500 mg/L cefotaxime ana :00 mg ; L 
kanamycin. Cefotaxime is kept as a frozen 100 mg/ml stock and added aseptically (filter steniizec rhrougrt a 
O.45 urn filter) to the media after atuociaving. A fresh kanamycin stock (50 mg/ml) is made for eacn .jse and 
is fiiter sterilized into the autoclaved media. 

Leaf disks are incubated under the growth conditions described above for 3 weeks and then transferred 
<*o to fresh media of the same composition. Approximately 1-2 weeks !ater shoots which deveico :n 
kanamycin-selected explants are excised with a sterile scalpei and planted in MX~ medium ; NIB izzc 
medium from above without hormones), containing 200 mg/l cefotaxime and 100 mg/'L kanamyen. Sheets 
/vr.ich root in kanamycin are transferred to soil and grown in a growth chamber as cesenbea accve A3 
plants develop flow buds, each inflorescence is bagged to ensure seif pollination. 
^5 Seeds of transformed plants are harvested at various developmental stages to assay for the expression 
of GUS. After removing the capsuie from the plant, half the capsule wall is cut and removed using a s;er-:e 
scalpel. Immature seeds are harvested by scraping them off the placenta into Epencorr tuces. r-is 
procedure is repeated for the other haif of the capsule. Mature seed is freely released after forming a -c-.e 
in the capsule wall. Seecs are ground in Ependorf tubes using disposable pestles (Kontes. Vineiana. n j. 
08360) and 1 ml GUS lysis buffer. The samples are vortexed and then centrifuged at 14K rem :or 15 
minutes. The supernatant is used for GUS enzyme assay and protein determination (see above). 

To analyze the effect of ABA on expression of GUS in immature seed, young seeds are har/ested as 
described above and placed on MX" medium with and without 10"*M ABA. Seeds are incubated m 
darkness at 25* C for 20-48 hours, then transferred into Ependorf tubes using disposable ceil scracers 
55 (Costar, Cambridge. MA 02139). Each sample is split into two Ependorf tubes, then grouno anc assayed as 
described above. 

The present invention is further defined in the following EXAMPLES, in which all parts anc percentages 
are by weight and degrees are Celsius, unless otherwise stated. It should be understood that these 
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EXAMPLES, white indicating preferred embodiments of the invention, are given by way of illustration only. 
From the above discussion and these EXAMPLES, one skilled in the art can ascertain the essential 
characteristics of this invention, and without departing from the spirit and scope thereof, can make various 
cnarigas and mccifications of the invention to adapt it to various usages and conditions. 

EXAMPLE t 



Construction of olasmids pBM107 and pBMlOS 

riasmid pDH51 was disclosed in Pietrzak. et ai.. Nucl. Acids Res. . 14: 5857-5868 (1986) and served as 
the source of Cauliflower Mosaic Virus CaMV) 35S promoter sequence, a polyiinker sequence and the 

/~-»«w "»ee i ni — — mOa locn can/oH ac the cmirra nf rho P rnii ntrlA npnp whirh ^n<*nr!es a 
'^dlV. / 0 JO O CSyiUH. riaotniu |jt inutvw ww< « --s- — " ■■- — — - — • • a — -• - 

glucuronidase enzyme (GUS). This plasmid is described by Jefferson et al.. Proc. Natl. Acad. Set. (USA) 83: 
3447-3451 (1986). The coding sequence for the GUS gene was cleaved from the vector sequences by 
chesting pflAJ260 with the restriction enzyme Pst! as described above. This digestion results in the GUS 
c^rs being present on a 1.8 kb fragment. One such fragment was then isolated from a 1% agarose gei. 
described above) and ligated into Pstl -digested pOH51. individual piasmids were analyzed until one was 
3sn:: :; 5d in which the Pstl insert waT present in the same 5 to 3 orientation as the 355 promoter. The 
resulting plasmid. pBMi07. contains the E. coli gene for GUS located between the CaMV 35S promoter 
sequence and the CaMV 35S 3' sequence. Plasmid pBMi07 was then digested with the restriction 
erzymes Smal and Sail. The S overhang of the Sail site was fiiled-in by incubation of the cleaved plasmid 
for ':5 minutes at 37* C with the Klenow fragment of ONA polymerase I and 1 3 aM deoxynucleotide 
triphosphates fdNTPs). The resultant blunt-ended fragment was iigated as described above, transformed 
in:o E. coli and a clone was identified in which the plasmid no longer contained a Bam HI site. Such a clone 
•.vould have lost the smaller fragment. This resulted in [he removal of the restriction endonuciease sites 
Smal. BamHI. Xbal. and Sail from the polyiinker region of p8Mt07. The resulting plasmid is p8M1C8. This 
cliTmid^ntainsThe GUS~gene and the CaMV 35S 3' region on a 2099 bp Kpnl fragment. The construction 
of :r:is olasmid is diagrammed in Figure 1. 



Construction of plasmid pBM109 

The 2099 bp Kpnl fragment was cleaved from pBMl08 with the restriction endonuciease Kpn l, isolated 
cn = i v a agarose~~gel as described above, and inserted into plasmid pUCi3 at its Kpnl restriction 
enccnuciease site. The fragment was inserted in the opposite s' to 3' orientation with respect to the lacZ 
gene which already resided in pUCl8. The resulting plasmid, pBMl09. is extremely useful because of the 
presence of multiple unique restriction sites just 5' relative to the GUS gene. Putative promoter sequences 
may be cloned into these sites thereby allowing the use of the GUS assay as a means of delineating 
srorroter activity. Plasmid PBM109 has been deposited in the American Type Culture Collection (ATCC) 
Rcckville. MD 20852-1776 on March 2. 1988 and bears the ATCC accession number 67648. The 
construction of this plasmid is diagrammed in Figure 2. 



Construction of olasmids oBM112 and Q8M113 

The source of the inducible promoter DNA sequence of the wheat Em gene is plasmid pEAS4l .3. which 
has oeen deposited in the American Type Culture Collection (ATCC). Rockville, MD 20852-1776 on March 
2. 1983 and bears the ATCC accession number 67647. 

r'asmid pEAS4L8 was digested with the restriction endonuciease Ahall and the 5 overhang was filled- 
in as described. The plasmid was then digested with the restriction endonuciease Sail and electrophoresed 
on a 1% agarose gei. Two fragments were isolated: a Sail fragment of about 1500 bp and a Sall-Ahall 
Tagment of 354 bp. This 354 bo fragment corresponds to positions 981-1334 of Fgure 3 and consists of 
343 bp of Sm oromoter sequence olus 6 bp of Em coding region. The 1500 bp Sail fragment represents 
sectsnces from cosition 981 in Figure 3 to a site about 1500 bp 5 of 981. The plasmid P BM112 was 
ccns:ruc:ed by iigating the 354 bp S£l/ blunt-ended* Ahall fragment into SaJI/Smal digested pBMi09. 
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The 1500 Op Sail fragment was then ligatec into Sail-digesteo cBMi 12. A clone was .cennfiea .n .vh.ch 
the 1500 bp Sail fragment was in the proper orientation to the Sall/Ahall fragment and this olasmid is railed 
pBMU3. The~consvuction of this olasmid. which contains the approximately 1850 bp promoter fragment, is 
diagrammed in Figure 4. This Sall-Sall-Ahall fragment insertion resulted in the translations initiation coccn 
(ATG) of the Em gene coding region being 5 relative to and in frame with the translations initiation ccdon 
for the GUS gene. Therefore, this fusion created a gene whose protein product is a chimera containing 12 
amino acids added to the natural amino terminus of GUS (assuming the plant translation initiation signals 
are preferentially recognized in plant systems). 



EXAMPLE 2 



s Construction of piasmids pBMn3Ko and pSM3il 

Plasmid pBM109 was digested with 0.5 units Kpnl/ ug ONA (total reaction volume 50 nl) and 10 ii! 
aliauots of 'he reaction were removed at time points of 2. 5. 10. 20 and 30 minutes of i.gesnon. .he 
aliquots were olaced in tubes ore-warmed to 70 *C which contained i ixl of 25 mM EDTA :n agarose gel 
jo tracking dye. The aliquots remained at 70 - C for 10 minutes to stop the reaction. The aliquots, wh.ch 
contained cartial digestion products, were -hen electropncresed on a i% agarose gel. The cane wr.icn 
.-orrespended to linearized O8M109 (4735 bp) was eluted as already described. 

°'asmid 0BM113 was digested with the restriction endonuclease Kpnl. ihis generated a o52 op 
fr^crr.ont of ONA containing a oortion of the approximately 1350 bp of ONA from the wheat genome 
present This 652 bo fragment represents 640 bp of Em promoter sequence. 5 bp of Em coo.ng region and 
6 bp of poly linker sequence. This 8*0 bp promoter fragment ecrresoends to position S39 to 1323 in ngure 
3 The 552 bp fragment was isolated and ligated into the linearized pSMl09. This ligation should, 
theoretically, contain four different constructs due to the presence of wo Kpnl sites m pBMl09 and the 
possibility 'hat the 652 bo fragment, having wo identical ends, could have .nserted m either orientation >n 
either site. Two of these constructs were to be isolated, namely, those into which the Kpnl fragment nac 
been inserted 5 relative to the GUS gene coding region, one in each or.entation. After transicrmmg t. cel. 
with the ligation mixture, the transformants were screened for the appropriate constructs by small scaie 
clasmid isolation, etc. as described above. The plasmid pBMU3Kp contains the Kpnl fragment .n ;ne 
forward orientation (with respect to the GUS gene) and has exactly reconstructed the lunction founa :n the 
originating plasmid OBM113. Thus, plasmid P BMii3Kp is a derivative of the plasmid pBMi09 into wn.cn 
me 852 bp Kpnl fragment of p8M1 13 has been inserted into the Kpnl site 5 relative to the initiation codon 
of the GUS gene. The plasmid pBM3l 1 contains the same 652 bp fragment in the same Kpnl site out in the 
opposite orientation. The construction of these piasmids is diagrammed in rigure 5. 
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Consfruction of Piasmids P BM1 13&220.10. P BM113A220.9. pBMn3A240.3. and ?3M117 

Plasmid OBM113 was subjected to exolll-mediated digestion as described in the section entitled 
■•Exonuciease Ill-Mediated Deletion". Plasmid ONA (10 ug) was cleaved with Hjndlll to complete ano the 
overhang was filled-in with .-phosphorothioate nucleotides as described. The reaction was then extracted 
and the ONA ethanol precipitated, as described. The linearized, filled-in ONA molecule was then c eaveo 
with Bgill. which cleaves 683 bp 5 relative to the Kpnl site. The sample was extracted and P^P'tated as 
described above. This produced a molecule which was resistant to exolll d,gest.on at the Ml »te out 
sensitive to exolll digestion at the Bglll site. 

Exolll digestion was performed on the prepared plasmid as described ,n the sect.on ent tled 
"Exonuciease Ill-Mediated Deletion" and aliquots were removed at 10 second intervals beginn.n , * #0 
seconds and continuing to 250 seconds. E. col cells were transformed with the Hgated sam, e Mfrom eacn 
time interval, and the transformed cells werTplated on LB plates 100 ug/ml ampic.lhn. Tne plates ./ere 
incubated at 37* C overnight and piaced at 4 C the following aay. 



13 



EP 0 335 528 A2 



Bacteria originating from individual transformants from the samples of the various time intervals were 
analyzed by isolation of plasmid ONA (small scale) and restriction enzyme digestion. The isolated plasmids 
■vere digested with the restriction enzymes Kpnl and Pvull concomitantly. These enzymes were chosen for 
tie renewing reasons: 

5 1. Deletions were not of interest until the Kpnl site which defines the 5' border of the Em promoter 

fragment known to be presnt in pBM1 l3Kp was lost The loss of the Kpnl site is indicative of the removai of 
sufficient ONA so that the fragment remaining has less of the promoter region than that in pSMl i3Kp. 

2. The presence of two Pvull sites between the Kpnl site mentioned above and the translational 
initiation codon (ATG) of the construct would allow estimation of the deletion endpoint using the sizes of the 

>o fragments produced upon aigestion. 

Several transformants harboring plasmids of interest were seiected. The plasmids are named 
PB.M113A220.10. pBM! 13A220.9. and pBMl 13A240.13. The construction of these plasmids is diagrammed 
in Figure 5. [The & in the piasmid name refers to Deletion, and the number refers to the time interval 
.■5 'seconds) of digestion]. The endpoints of the deletions were determined by sequence analysis (see above) 
ard found to be at -291 bp. -254 bp. and -192 bp from the translational initiation codon (ATG) of the Em 
gene, respectively. These positions correspond to positions 1038, 1075 and 1137 in Figure 3. respectively. 



:o Construction of P'asmid oBMl 17 

Pasmid pBMl 17 is a derivative of the plasmid p8M109 into which the promoter region of the 35S gene 
of Caf/IV has been cloned. This was aone by cleavage of plasmid pOH5i with the restriction endonucleases 
ricc l and Sma l. 

25 T're overhang produced by Nco l cleavage was filled-in as described in the section entitled "Enzymatic 
Treatments of ONA". The resulting fragments of the cleavage reaction were separated by electrophoresis 
on a : 9 % agarose gel and a fragment 535 bp in length, containing the 35S promoter region, was isolated 
from ?he gel as described in the section entitled "Gel Electrophoresis of ONA". 

"The plasmid pBM!09 was cleaved with the restriction endonuclease Smal which results in the 

:c linearization of the molecule. The 535 bp fragment isolated as described in the previous paragraph, was 
'igaied (as described in the section entitled "Enzymatic Treatments of ONA") into the Smai-cieaved 
C-6M109- After transforming E. coli with the ligation mixture, as described in the section entitled 
"Transformation of Bacterial Ceils", a clone was identified which harbored a plasmid containing the 35S 
promoter fragment of DNA, 5' relative to the GUS encoding region of ONA, and in the proper orientation. 

25 The construction of this plasmid is diagrammed in Figure 7. 



EXAMPLE 4 

-o 

Construction of Plasmids p8Ml19. pCSl02 and p3Ml20 

?!asmid pRAJ275 served as the source of the ^-glucuronidase gene (GUS) and has been described by 
-5 Jefferson in Plant Molecular Biology Reporter 5:387-405 (1987). The GUS gene in plasmid pflAJ275 differs 
from that in pRAJ260 in that the sequence surrounding the initiator codon ATG has been changed to 
introduce two new restriction sites, Sail, and Ncol and in the introduction of a single restriction site for the 
restriction enzyme EcoRI at the 3 end of the gene. The Nco l site contains the translational start codon 
'ATG i and is flanked immediately 5 by the Sail site. The GUS gene was cleaved from piasmid pRAJ275 by 
-;o sequential cleavage of the plasmid, as descTibed above, with Sail, after which the Sail site was filled-in as 
described above, followed by cleavage with EcoRI. This digestion results in the GUS gene being on a 1 857 
bp fragment. One such fragment was isolated from a 1% agarose gel (described above) and ligated into 
CUC13 which had been cleaved identically as was pRAJ275 (i.e.. Sail digestion, after which the end was 
'illec-in, followed by EcoRI digestion). Individual plasmids were anaTyzed until one was identified which 
=5 carriec -he GUS gene and the resulting piasmid is pBMH9. The construction of this plasmid is diagrammed 
in Figure 8. 

Plasmid pDHSi, which served as the source of the 35S 3' sequences, was cleaved with the restriction 
enr/mes Ncol and Sphl after which the ends of the fragment were treated with T4 polymerase, as 



19 



EP 0 335 528 A2 



described, to. create blunt ends. This treatment results m the liberation of a 563 op fragment containing the 
35S promoter region plus the polylinker region of pOHSl and a 2857 bp fragment consisting of the 
remainder of pOHSl. which carries the 35S 3' end. The 2857 bp fragment was isolated from a t% agarcse 
gel. ligated. and individual plasmids were screened for the presence of a 214 bp EccRI fragment which 
would carry the 35S 3' region. The resulting plasmid is pCSi02. The construction of this piasmid is 
diagrammed in Figure 9. 

Plasmid CCS102 was cleaved with EcoRI and the 214 bp fragment carrying the 35S 3 eno was isolated 
on a 1% agarose gel and ligated into EccRI-cut p8MH9. Individual plasmids were analyzed until one was 
fsoiatec which carried the 35S 3'region 3' of the GUS gene and in the proper 5 to 3 orientation. The 
o resulting plasmid is o8M120 and the construction of this plasmid is diagrammed in Figure 3. 
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EXAMPLE 5 



Construction of P'asmids pSMl65 and PSM167 

The series of plasmids designated pBM165 are derivatives of plasmid pOHSl into which an 
oliaonucleotice (oligo) has been inserted into the 35S promoter region. The oligonucleotide was inserted 
into the EccRV site at -90 bp from the start of transcription from ;he 35S promoter. The oligonucleotide was 
synthesized using an ABS ONA Synthesizer and includes a 25 bp region of the Em promoter bearing 
seauence hcmciogy to a region of a congiycinin promoter plus 1 9 bp of contiguous Em 5 flanking 
sequences and 7 bp of contiguous Em 3' flanking sequences. This 50 bp promoter seauence corresponds 
to coordinates 1091 to 1140 in Figure 3. In addition, the ends of the oligo contain 1/2 an'EcoRV site such 
■hat the oiigo may be inserted into the EccRV site ana excised with the same enzyme. Therefore, the oligo 
is 56 bp in 'ength, and is hereafter referred to as "the 56 bp oligo". To construct the p3Ml65 series of 
olasmics. the plasmid pOHSl was digested with the restriction enzyme EccRV and ligateo in the presence 
of the 56 bp oligo. Individual plasmids were analyzed for the presence of the oligo and plasmids were 
isolated in which the orientation and copy number of the oligo are as follows: f 

08M165-2: This plasmid contains a single copy of the oligo in the same 5 to 3 crientation as the sequence 
occurs in the Em promoter. 

P8M165-* This piasmid contains two copies of the oligo. both of which are in the same 5 to 3 orientation 
as the sequence occurs in the Em promoter (i.e.. head-to-tail). 

Plasmid 08165-2 has been deposited in the American Type Culture Collection (ATCC). Rcckville, MD 
10852-1776 on September 15. 1988 and bears the ATCC accession number 67797. 

The series of plasmids designated pBMi67 are derivatives of pB.VH20 into which the 35S promoter 
regions rrom the olasmids oBM165-2 and p8Ml65-4 have been inserted. Plasmid P BM120 was cleaved 
with the restriction enzyme Sail and the ends of the plasmid were filled-in as described. The plasm.cs 
-3M165-2 and OBM165-4 werTcleaved with the restriction enzymes Smal and EcoRI after wh.cn the tcoRI 
•nds of the plasmid were filled-in as described. This digestion results in the 35S promoter fragment 
containing the 56 bp oligo being on a 599 bp fragment for plasmids P BMi65-2 and on a 655 bp fragment 
for plasmid pBMl65-4. These fragments were isolated from a 1% agarose gel and were ligated to the Sail- 
cut filled-in P BM120. Individual plasmids were anlayzed and isolates were identified which had incorporated 
:he promoter regions in the orooer orientation. The number and orientation of oligonucleotide .nsertions 
were confirmed by ONA sequence analysis, as described above. These plasmids are :he pBMl57 series 
and they are as follows: 

0BM167-11: This plasmid contains the promoter region from the plasmid p8M165-2. 
0BM167-4* This piasmid contains the promoter region from the plasmid pBM 165-4. 

The construction of plasmid series P BM165 and plasmid series P BM167 are diagrammed in F:gure 10. 
The 35S oromoter, not containing the 56 bp oligo. was isolated from pOHSl and inserted into plasmid 
PBM120 exactly as described for the construction of the plasmid series P BM167 above. The resulting 
plasmid is pBMi52 and the construction of this plasmid is diagrammed in Figure 11. 

EXAMPLE 6 
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Construction of Binary Piasmids pBMH70, p8Mii30 and pBM3l 10 



binary plasmias are piasmids 'which may be propagated in several hosts. Many piasmids of this type 
are useful for the Agrobacterium -mediated transformation of certain species of plants, especially tobacco. 
Eirary constructs were made for the stable transformation of tobacco with several of the promoter-GUS 
constructs used in the transient system described above. The binary vector usee for the construction of 
these binary piasmids was pBHOi.1 and has been described by Jefferson et at. EMBO 6:3901-3907 (1987) 
P'asmd 0BMO1.1 is a derivative of piasmid pB!Ni9 into which a "promoier-iesP~GUs cassette has been 
Inserted. Therefore, this piasmid has a plant selectable marker, in the form of a neomycin phosphotrans- 
ferase gene fnptll), driven by the nopaline synthase promoter, which encodes resistance to the antibiotic 
kanamycin. All constructs were mae by the ligation of gel-purified Hindlll/EcoRI fragments. 

Digestion of pBI10U with these two enzymes results in the" liberation of an approximately 2 kbp 
fragment containing the "promoter-less' GUS cassette from the vector. This fragment is not used in the 
constructs. The remaining vector fragment (approximately 10 kbp) was gel purified as described above. 
Digestion of piasmid pBMiir with the same two enzymes results in the liberation of a 2687 bp fragment 
'rem ;he vector sequences containing a 35S promoter-GUS-35S 3' cassette. This 2687 bp fragment will be 
raileo fragment A. Similarly, digestion of the piasmids pSMll3Kp and p8M31l with the same enzymes 
rssu.ts in the liberation of 2S02 bp fragments from the vector sequences. These fragments (B and C. 
respectively) contain the Em prcmoter-GUS-35S 3' cassettes with the Em promoter in the forward 
orientation in fragment B and in the reverse orientation in fragment C. All three of these fragments {A, 3 and 
C, were individually iigated into the binary vector sequences purified above (the approximately 10 kbp 
fragment from pBIt 01.1). 

Individual binary piasmids were identified which now contained the relevant prcmoter-Gus cassette. As 
sucn. these piasmids now contain a selectable plant marker (kanamycin resistance) and an appropriate 
cassette containing an experimental promoter-GUS-35S 3' construct Piasmids p8Mr.70. ?8Mi'i30 and 
pEf/13110 are binary derivatives of piasmids pBM1l7. pBM1l3Kp and pBM31l, respectively. The construc- 
tion of these piasmids are diagrammed in Figures 12. 13 and 1 4, respectively. These binary constructs 
■■/ere introduced into the Gram-negative bacterium Agrobacterium tumifaciens by the method of ;ri-carentai 
manrg and subsequently introduced into tobacco tissue by the method of leaf cisk transformation (see 
section on "Transformation of Plants" and "Stable Transformation of Tobacco"). 



EXAMPLE 7 



Pssocnse of an 1850 bp Promoter Fragment ;pBM1l3) to ABA 

Frotoolasts were isolated, as described in the section entitled "Isolation of Protoplasts'* from a 
suscension culture of rice. The protoplasts were either not exposed to DNA or were transformed with 
olasmid p8M113 0NA as described above in the section entitled "Transformation of Protoplasts". The 
CL'Xure of protoplasts which did not receive DNA contained 1 x 10* protoplasts. The culture to be 
transformed with piasmid ONA contained 4x10* protoplasts and these were exposed to 4 ug of pSMi 13 
c:asmid ONA. The culture with 1 x 10 s protoplasts, which served as a control, was resuspenced in 1.0 ml of 
protcolasis medium after the transformation protocol and was incubated for 2 days. The cuiture containing 
transformed protoplasts was split into 4 equal aliquots each containing 1 x 10 6 protoplasts and the 4 
aiiauots were incubated in protoplast medium either lacking ABA, or containing 10" 5 M ABA, IQ^M ABA, or 
10" 7 M ABA. respectively. These cultures were also incubated for 2 days. 

After the 2 days incubation, the protoplasts were collected by centrifugation at 80 x g. The protoplast 
medium was removed from the tubes and the cells were lysed by addition of 0.5 ml of GUS lysis buffer as 
cesenbed in the section entitled "GUS Assay". Each cuiture of lysed protoplasts was then assayed for GUS 
activity as described above in the section entitled "GUS Assay The specific piasmid ONA with which the 
protoplasts were transformed, the presence or absence of ABA. the concentrations of ABA in which the 
cultures were incubated and the results from the assay were given below in Table 1. 
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TaOle t 



Treatment 


Specific 
Activity' 
(Units) 


Sample 


Source of 
input DNA 


[A8A] 


(D 


NO DNA 


0 


0.25 


(2) 


P8M113 


0 


3.87 


(3) 


0BM113 




1 167.65 


W 


0BM113 


1CT*M 


251.42 


(5) 


08M113 


1CT 7 M 


4.74 



•Ten units are equivalent to 5.57 pmoies of 4-MU/u.g protein/hour r, this 
experiment. 



The results shown in Table 1 demonstrate the following points: 
1. There is no significant endogenous GUS activity in the protoolasts in ;he absence of DNA 

20 (Treatment Sample 1 ). . _ 

2 There is a 300-fold increase in the level of expression generated oy tne tragment or the =m 
. promoter in the orasence of the highest concentration of ABA retaove to the ievei of excression in the 
absence of ABA (Comoare Treatment Samples 2 ana 3). 

3. The level of "induction cf the Em promoter-GUS construct is dependent zn :he concentration or 
25 ASA in ihe medium (Treatment Samples 3-5). 

Ther-fcre 'here is an induction of GUS expression in protoplasts containing the Em sromcier-GUS 
construe: (piasmid ?BM113) only when ABA is present in the medium. In addition, the level of mcucacn ts 
cecendent on the concentration of ABA. 

jo 



EXAMPLE 8 



35 



Time ccurse of ABA effect 



The source of orotoplasts used for transformation is identical to that used in EXAMPLE 7. Protoplasts 
either did not receive added DNA or they were transformed with piasmid ONA as described in the section 
J ° entitled "Transformation of Protoplasts". _ 

For those protoplasts which did not receive exogenous DNA (i.e.. no ONA m .able 2) a culture 
containing 2 x 10« protoplasts was subjected to the transformation protocol except that it ad not receive 
any DNA The culture was then divided into 4 equal aliquots (each containing 0.5 x 10 s protoplasts). Two o 
these four aliquots were incubated in protopiast medium without ABA while the other two contained io m 
< s ABA. The protoplasts from two sampies. one without ASA and one with ABA. were collected I '"^ed.a»iy 
after protoplast medium was added. The protoplasts in the other two samples, one w-tnout aba and one 
with ABA. were collected after 6 hours of incubation in the dark at 25 C. 

For those protoplasts which receive P BM117 piasmid DNA (to serve as the positive control), a • ulture 
containing 2 x 10« orotoplasts was transformed with 2 ug of piasmid DNA then divided and mcubatea as 
50 he cSes above which did not receive ONA (i.e.. the four samples were harvested e^er .mmea^ e.y 
after addition of protoplast medium (one each, without ABA and with ABA, or at 6 hours (agam. one each, 

"ontains the ,850 bp promoter sequence of this '-entlon op.ra^.in^dtc the 
GUS gene. A protoplast suspension containing 5 x 10« protoplasts was transformed by the addition of 5 sg 
35 of piasmid ONA during the transformation protocol. .... .,„kv „„ a Mi thnnt aba 

The protoplast suspension was split into 2 equal aliquots (2.5 x 10' protoplasts each), one w.thout ABA 
and one with ABA (10~'M) and incubated as described. 

Samp.es from the protopiast cultures (0.5 x ,0* protoplasts), one each, w.thout ABA and w,th ABA. „ere 
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removed immediately after the addition of protoplast medium, and at i. 2, 4, and 6 hours or incuoaticn. All 
•he protoplast samples were stored at -70 *C after collection in GUS !ysis buffer and assayed the following 
■:»-./ for Uie presence of GUS activity as described in the section entitled "GUS Assay". The results are 
sncv.-n in Table 2. 



Table 2 



Treatment 


Specific Activity* (Units) 


Source of 


[ABA] 


0" 


1~ 


2- 


4" 




Input DNA 














NO DNA 


0 


0.30 


NO"" 


ND 


ND 


0.11 


OBM117 


0 


0.30 


ND 


ND 


ND 


10.00 


P8M113 


0 


0.17 


0.55 


1.91 


5.99 


36.31 


NO DNA 




0.17 


ND 


ND 


ND 


0.13 


pSM117 




0.17 


ND 


ND. 


ND 


9.21 


pBMl 13 


10- 5 M 


0.11 


4.38 


42.93 


290.09 


712.80 



Tan units are equivalent to a specific activity of 9.2 pmoies 4-MUug protein/hour 
in this experiment. 
"Incubation period in hours. 
~*ND = not done 



The results in Table 2 demonstrate the following: 

1. There is no significant GUS activity intrinsic to the system either in the oresence or absence :-f 
ASA 'No DNA treatment). 

2. There is no significant effect mediated by ABA on the 35S promoter-GUS construct (p3Mi 17) 
imolying that the effect is specific for promoter sequences normally modulated by ABA in vivo. 

3. There is a time-dependent effect of ABA on the cm promoter-GUS construct fp"B(vTTT3). 



EXAMPLE 9 



Erect of Phaseic Acid on Em Promoter 

The protoplasts for this example are from the same source as that for EXAMPLE 7. Protoplasts -vera 
transformed with either calf thymus (CT) ONA, with pBMH3 plasmid DNA or pBMl 17 piasmid DNA by T-e 
crccedure described in the section entitled "Transformation of Protoplasts' 1 . CT DNA is non-specific C*«A 
cerived from calf thymus and is used as a negative control in protoplast transformation. 

Protoplast suspensions containing 1 x 10 s protoplasts were used. Protoplast suspensions receiving CT 
DNA //ere transformed by the addition of 25 ug of CT DNA and those being transformed with DNA from 
ceM n 7 received 5 ug plasmid DNA and 20 ug of CT DNA. 

Protoplast suspensions -to be transformed with DNA from plasmid pBM1i3 contained 2.0 x 10 5 
prcicplasts. 10.0 ug plasmid DNA and 15 ug CT DNA. After the transformation procedure, the suspensions 
transformed with CT DNA and DNA from p8MH7 were each divided into two equal aliquots (0.5 :< i0 5 
prc:solasts each) and incubated in protoplast medium. One aliquot was without ABA while the other 
contained 10~*M ABA. The suspension transformed with DNA from P8M113 was divided into 3 aiiaucts 
'0.5 a 10* protoplasts each) and similarly incubated in protoplast medium either without A8A, with 10~*M 
ABA or with 10~ 4 M phaseic acid (PA). 

After the incubation period (4 hours), the protoplasts in each culture were collected by centrifugaticn 
and stored at -70 C in GUS lysis buffer. All aliquots were later assayed for enzyme activity. The results are 
sr.c.vn in Tabie 3. 
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TABLE 3 



Treatment 


Specific 
Activity" 
(Units) 


Source of 
input ONA 


[ABA] 


(PAr 


CT 


0 


0 


2.02 


CT 


10* 4 M 


0 


1.31 


OBM117 


0 


0 


10.00 


0BM117 


10-SM 


0 


9.20 


p8Ml!3 


0 


0 


8.24 


PSM113 


10- 4 M 


0 


31.51 


0BM113 


0 


ict 4 m 


8.36 



'Ten units are equivalent to 2.13 pmoles 4-MU/u.g protein/hour in this 

experiment. 

-Phaseic Acid 



The results from Table 3 demonstrate that phaseic acid, a structural analog anc the first breakdown 
prcduc: of ASA in vivc. ices not induce expression of the Em promoter-GUS construct. This is consistent 
with previous resuitlHn which phaseic acid dees not mediate the in vivo physiological effects attributed to 
ASA in wheat emoryos. i.e.. phaseic acid does not inhibit seed germination. Men-specific, r.on-piant ONA 
(CT) did not respond to ABA. 



EXAMPLE 10 



30 



Equivalence of cBM113 and pBMl l3Kp 

The source of protoplasts for this example is the same as that used in EXAMPLE 7. For this example, 
35 several cultures, each containing 2 x 10 6 protoplasts either received no DNA or were transformed, as 
described in EXAMPLE 7. with olasmid ONA (2 ug) of the plasmids pBMH7. pBMH3. p3Mii3Kp or 
PBM311. These suspensions which did not receive ONA, or received either P BM117 DNA or P BM311 ONA 
were divided into 2 equal aliquots after the transformation protocol, placed in protoplast medium, ana 
incubated for 18 hours either in the presence of 10"* M A8 or without added ABA. Transformations with 
40 pBMl 13 and pBMl i3Kp were each done in duplicate and the duplicates were pooled. 

The pooled duplicates were then split into four (4) equal aliquots. The transformed protoplasts were 
incubated for 18 hours in protociast medium at 25 'C in the dark. The protoplast medium contained tne 
concentration of ABA shown in the table beiow. The results of the GUS assay of these treatments are given 
in Table 4. 

45 
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TABLE 4 



Treatment 


Specific 
Activity* 
(Units) 


Samoie 


Inout DNA 


fASAl 


( 1) 


NO ONA 


0 


0.17 


(2) 


NO DNA 


10-* M 


0.15 






0 


10.00 


(4) 


pBM117 


10~* M 


3.24 


(5) 


pBM1l3 


0 


17.15 


(6) 


PBM113 


10"* M 


583.05 


(7) 


PBM113 


10~ 5 M 


233.20 


(3) 


PBM113 


10-^M 


109.77 


(9) 


pBM1l3Kp 


0 


18.50 


(10) 


pBM1 t3Kp 


.10"* M 


1170.09 


(11) 


pBM1 13Kp 


10~ 5 M 


403.70 


(12) 


pBM1!3Kp 


10"' M 


130.51 


(13) 


pBM3lt 


0 


0.21 


(14) 


pBM3!1 


10~ 4 M 


0.45 



Ten units are equivalent to 6.59 pmoies 4-MU producsd/ug protein/hour 
in this experiment. 



Tre results represented in Tabfe 4 demonstrate: 

1. Expression of GUS activity from plasmids pBM1 13 and pBM1 l3Kp is regulated by the presence of 
ASA - Treatment Samples 5 and 6; 9 and 10). 

2. The induction of GUS expression from both -plasmids. oBM113 and p8M1i3Kp, is not oniy 
reg'j.a:ed by ABA, but the level of expression is dependent on the concentration of ABA in the medium 
'Treatment Samples 6-3; 10-12). 

3. The plasmid pBM1l3Kp, which contains only 652 bp of the Em promoter region, behaves similarly 
:o t.2 plasmid pBM1l3, which contains approximately 1350 bp of the Em promoter region (Treatment 

3S 3amc.es 5-3:9-12). 

4. Plasmid pBM3H. which contains only 652 bp of the Em promoter region linked to GUS in the 
•.vcng orientation (unoperably linked) did not significantly express GUS activity when treated with ABA 
•'Treatment Samples 13-14). Furthermore, the low levels of activity seen with the same promoter fragment 
op-5rably linked to GUS (pBMH3Kp) when incubated without ABA, is totally abolished when pBM3n is 
-sec 'compare Treatment Samples 9 and 13). 



EXAMPLE 1 1 

4.5 



response of a 254 bp Promoter Fragment to ABA 

The source of protoplasts for this EXAMPLE is the same as that used in EXAMPLE 7. Transformations 
.vera cerformed using 2 x 10 s protoplasts and 2 ug of plasmid ONA (except for the control samples which 
die" rot receive ONA). Each suspension of transformed protoplasts was split equally (1 x 10 s protoplasts) 
into protoplast medium either without ABA or with 10"* M A8A and incubated at 25* C in the dark for 18 
rcufs. The protoplasts were then collected and assayed for GUS activity. The results are given in Table 5. 
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TABLE 5 



10 



75 



Treatment 


Specific 
Activity' 
(Units) 


Sample 


Source of Input 
ONA 


[ABA] 


(D 


NO ONA 


0 


0.36 


(2) 


p8M117 


0 


10.00 


(3) 


pBMl 13^220.9 


0 


21.33 


(4) 


pBMl 13*220.9 


10-* M 


232.90 


(5) 


p8M1 13*220.10 


0 


21.29 


(6) 


p8M1 13*220.10 


10~*M 


802.31 


(?) 


pBM1 13*240.13 


0 


1.83 


(3) 


p8M1 13*240.13 


10-* M 


4.3 



this experiment. 
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The resuits of the above experiment demonstrate: 

1. Plasmids containing fragments of the Em promoter to -291 bp (?8M1 1 3*220. 10) ard -254 
:o3M113*220.9> 5' ?rom the translation start ccccn (ATC) ocerably iir.kec :o GUS stiil retain -he aciiiry 
be incuced by ABA (Treatment Samples 3 and 4: 5 and 6). 

2. A otasmic containing a fragment of the Em promoter to -192 bp (pBM! 1 3*240.1 3) 5 from ; 
translation start ccdon (ATG) operably 'inked to GUS cannot be inauced by ABA (Treatment Samples 7 3 

3. Deletion to -192 bp from the ATG not only prevents ABA enhancement of expression rrcm : 
promoter region but aiso abolishes the low level of expression seen in the absence of ABA using fcnger i 
oromoter fragments (Compare Treatment Sample 7 with 3 and 5). 

4. Plasmids pBM1 13*220.9 and pBM1 1 3*240.1 3 define a region of 62 bp in the Em promoter 
to -254) at least part of which is necessary for the ABA induction (ABA regulatory region). 



re 
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EXAMPLES 12/13 



Effect of two ABA analogs (Compounds C and D) on Em Promoter 

The source of protoplasts for this EXAMPLE is the same as in EXAMPLE 7. The transformation *as 
performed in duplicate using 50 x 10 s protoplasts and 100 ag of plasmid ONA. The transformed rr-tcc-asts 
were split four ways and incubated in culture medium containing either ABA. Compound C. Comccurc j. 
or with no additions, at 25* C in the dark for 18 hours. The protoplasts were then collected and assay eo -or 
GUS activity as described. The results are given in Table 6. 
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TABLE 6 



Sample 


Source of 
input ONA 


Additions to 
Culture Medium 


Specific Activity (pmoles 
4-MU/Lig prctein*hour) 


1 


No ONA 




2.05 


2 


p8MH3Kp 




3.24 


3 


pBMH3Kp 


ABA 


50.25 


4 


pBMll3Kp 


Compound 0 


38.39 


5 


pBMll3Kp 


Compound C 


8.40 



The results in Table 6 demonstrate the following; 

1. Compounds C and 0, both structural and functional analogs of ABA. induce expression of GUS 
active/ from plasmid pBMl i3Kp at a concentration of 10"*M. 

2. Compounds D and ABA induce GUS activity approximately 20-fold over no additions, while 
Comcound C had an approximate 4-fold stimulation. 

3. These results and those of EXAMPLE 3 confirm that this transient expression system can rapidly 
arc specifically determine if close structural and/or functional anafcgs of ABA possess gene-incucing 
acuvty. and can be used as a screen to identify analogs as potential inducers of ger.e expression. 



EXAMPLE 14 



The resuits from EXAMPLE 11 clearly demonstrate that at !east part of the ONA sequences necessary 
for A3A-mediated regulation of gene expression reside in a 62 bp region between -192 and -254 bp from 
the ATG ccdon of the Em coding region (as defined by piasmids p3Ml 13A240.13 and pBMn 3^220.9. 
respectively). Within this region is a sequence, 25 bp in fength. which bears close homology (76%) :o a 
sequence from the .J-conglycinin gene of the dicot soybean, ^-conglycinin expression is also dsveicpmen- 
taliy 'sgulaied by ABA {see page 4). This region of homology is at -he promoter prcximai end of. and is 
completely contained within, the 62 bp region. The presence of (his region of homoicgy prompted the 
synthesis or the 53 bp oligo (see above). The introduction of the 56 bp oiigo into a foreign promoter will 
cause exoression from the foreign promoter to be influenced by A8A. 

"he protoplasts for this example are from the same source as that for EXAMPLE 7. Protoplasts were 
transformed with either no ONA, with pBM117 plasmid ONA, or with pBMl67 plasmid ONA by the 
procedure described in the section entitled "Transformation of Protoplasts". The pBMi67 series of piasmids 
>s as described in EXAMPLE 5. 

Protoplast suspensions containing 4 x 10 6 protoplasts were used and were transformed by the acciiion 
cf either no ONA or by the addition of 4 ug plasmid ONA. After the transformation procedure, the 
susoensions were divided into two equal aliquots (2 x 10 s protoplasts each) and incubated in protcplast 
mecium. One aliquot of each sample was incubated without ABA while the ether was incubated with 1Q- 4 M 
ASA. After the incubation period, the protoplasts in each culture were collected by centrifugation and tysed 
by addition of 0.5 ml GUS assay/lysis buffer. All aliquots were assayed for GUS enzyme activity and the 
results are shown in Table 7. 
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TABLE 7 



Treatment 


Specific Activity (pmoies 
4MU/ug prctein/hour) 


Sample 


Source of 
Input DNA 


[ABA] 


i 


No DNA 


0 


1.02 


2 


No ONA 


10~* M 


1.02 


3 


pBMl52 


0 


1777.13 


4 


OBM152 


10" 4 M 


1730.42 


5 


PBM167-11 


0 


1108.50 


6 


PBM167-11 


10"* M 


2081.18 


7 


PBM167-4 


0 


104.39 


3 


PBM167-4 




560.51 



The results in Table 7 demonstrate the following points: 

1. There is no significant GUS activity intrinsic to the rice protoplast system, in the presence or 
absence of A8A (Treatment Samples 1 and 2). 

2. There is no significant effect mediated by ABA cn the 35S promoter-GUS construct. ?BM152 
(Treatment Samoles 3 and 4). The 35S promoter is unresponsive :o ABA. 

3. There is a decrease of ever 30% in GUS activity directea by the 35S promoter upon insertion of 
one copy of the 56 bp oligo into this promoter (Compare Treatment Samples 3 and 5). When two tandem 
copieVof she 56 bp oligo are inserted into the 35S promoter, a decrease cf ever 90% in GUS activity is 
ccserved (Comoare Treatment Samples 3 and 7). The reason for this decrease is net clear. 

4. However, there is a significant increase in GUS activity over these levels when protoplasts 
containing olasmids with the 55 bp oligo inserted in the 35S promoter are treated with ABA: about twofold 
with one copy of the 56 bp oligo (plasmid pBMl67-n. and, over five-fold with two copies ipiasmid 
peMl67-4). (Compare Treatment Samples 5 with 6, and 7 with 3.) 

These results ciearly demonstrate that the 56 bp oligo contains ABA-regulatcry sequences chat confer 
ABA regulation to the normally ABA-unresponsive 35S promoter. 

EXAMPLE 15 



Exoression of GUS activity in maturing seeds of transgenic tobacco 

Binary plasmids containing the plasmids P BM1170 <*S-GUS) and P BM1130 (Em-GUS) were introduced 
into the Gram-negative bacterium Agrobacterium tumefaciens by the method of tnparental mattng and 
subsequently introduced into tobacco tissue by the ieaf disk transformation protocol. Transgenic tooacco 
plants were selected and grown as described earlier. At various times after flowering, seeds at different 
stages of maturation were collected and assayed for GUS activity. Detailed procedures are aesenbed >n me 
section "Stable Transformation of Tobacco". 
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TABLE 3 



Oampie 


Promoter 
Construction 


otages of Seed Matunty 


Specific Activity" (pmofes 
4MU/min/ug protein) 


i 


PBM1170 


Very Immature (white) 


1.037 


2 


O8M1170 


Immature (tan) 


307 


3 


PBM1170 


Mature (brown) 


269 


4 


PBM1130 


Very immature (white) 


2 


5 


pBM1130 


Immature (tan) 


3 


8 


P3M1130 


Mature (brown) 


29.000 



"Each value is the average of 2 samples taken from the same capsule of a single 
transformed tobacco plant. Seeds from untransformed tobacco plants showed no GUS 
activity. Values represent activity over time zero in the enzyme assay 



Tt*s results of the above experiment demonstrate: 

1. Tobacco plants transformed with plasmid 08M1170 (Samples 1-3) show similar levels of accu- 
nvj:a-ed GUS activity in seeds at various stages of maturity; from the very immature (white seeds), the 
: mrr.a:jre (tan seeds) and the dry materu seed (dark brown). 35S is a constitutive promoter in higher plants 
ana e:early shows its predicted activity throughout seed development. 

2. Tobacco plants transformed with plasmid pBMH30 (Samples 4-6) show increasing amounts of 
sccLirr.ulated GUS activity in seeds at later stages of maturation. This pattern of GUS accumulation in !at9r 
stages of transgenic tobacco seeds is simiiar to increasing Em expression in normal wheat seeas indicating 
:na: the fragment of the Em promoter (650 bp) linked to GUS is being regulated in a manner predictable 
rrcn its normal expression in wheat. 

3. The Em promoter fragment from wheat (monocot) is recognized and regulated in a normai pattern 
ir tobacco fdicot), presumably by the increasing endogenous levels of ABA occurring in late seed 
development. 



EXAMPLE 16 



Excression of GUS activity in transgenic tobacco seeds in response to ABA 



Binary plasmids pBM1!70 (35S-GUS), p8M1130 (Em-GUS) and OBM3110 (mE-GUS) were introduced 
-c nto Agrobacterium and used to transform tobacco leaf disks by the methods outlined in EXAMPLE 15 and 
;n section Stable Transformation of Tobacco. Immature seeds (tan in color) were removed from me 
capsule as described in Stable Transformation of Tobacco and incubated for 24 hours on MX-medium with 
or //'thout ASA. 
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TABLE 9 

Specific Activity* 



Promoter (pmole 4MU/min/ 

Sample Construction TABAl uq protein) 

1 pBM1170 0 29 

2 pBM1170 10~ 4 M 33 

3 pBM1130 0 50 

4 pBM1130 10" 4 M 160 

5 pBM3 110 0 0 

6 pBM3110 10~ 4 M 0 



•Samples 1 and 2 each represent an average of 4 seed 
samples (immature seed-tan) taken from two capsules 
of a single t ransfornant . Samples 3 and 4 each 
represent an average of 4 seed samples (immature 
seed-tan) taken from two capsules of another single 
t ransf o rmant . Samples 5 and 6 represent an average 
of 2 seed samples (immature seed-tan) taken from one 
capsule of one t ransf ormant . Values represent 
values over time zero in the enzyme assay. Seeds 
from unt ransf ormed tobacco plants showed no GUS 
activity. 

1 Tobacco piants transformed with plasmid P BM1170 (Samples 1 and 2) showed no stimulation of 
GUS activity when immature seeds were incubated with 10,-* M ABA. These results in stable -.ransrormants 
are identical to the results obtained with the same constructs in the transient system (see zXAMPLr 10. 
Table 4). 

2 Tobacco plants transformed with plasmid P 8M1130 (samples 3 and 4) showed approximately a 3- 
fold increase of GUS activity when immature seeds were incubated in 1 0" 4 M ABA. When the promoter is 
reversed (Samples 5 and 6) no GUS activity is expressed. These results are identical to the results obtained 
with the same constructs in the transient system (see EXAMPLE 10. Table 4). 

3. Results l) and 2) demonstrate the ability of the transient assay to accurately predict 9xpress.cn of 

GUS in transgenic plants. A3i . 

4 The EM promoter fragment from wheat (monccot) is recognized and regulated by ~ba «n 
transgenic tobacco (dicot) in the same manner as in wheat i.e.. isolated immature wheat embryos wren 
treated with ABA express the Em gene. 



EXAMPLE 17 



Development of Drought Tolerance in Plants 

The Em protein of wheat has been implicated in protection of the ^J^'l^*'^^ 
(McCubbin at al„ Can. J. Biochem. Ceil Sio... 63:803-811 (1985) and Utts at al Nud. |£L ' 3 f 07 ; 
3618 (1987)). Ncr»"dunng the ifiecySSTof the wheat plant, Em is accumulated on.y .n ,he emcr/o ,r 
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seeds. It will be valuable to express this protein, with its naturally ability to bind water, not just in seeds but 
in .vhcle plants or specific tissue(s) that are experiencing unpredictable crought or water stress. Such 
e/pression and accumulation of the Em protein will allow the plant or its affected parts to retain water. 

V/e will use the information gained in the construction of this invention to protect plants under drought 
ccnciticns. A general response of plants to water stress cr drought is to accumuiate large amounts of ABA 
m affected tissue (e.g., Guerrero and Mullet. Plant Physiol. 30:588-591 (1986)). The ABA regulatory region 
of the Em promoter will be used to over-produce the Em protein under conditions of water stress, resulting 
in the slant becoming tolerant to these adverse conditions. 

In Example 14, we described a "56 bp oligo", containing 50 bp region of the wheat Em promoter, that 
-.vas sufficient for ABA regulation of GUS. We have operably linked this inducible ABA regulatory region of 
the Em promoter with the constitutive 35S promoter of CaMV by synthesizing the 56 bp oligo such that it 
can ce inserted into the EcoRV site present in the 35S promoter. The 35S promoter will provide the 
pciymerase binding sequences necessary for transcription that have been removed frcm the ABA regula- 
tor/ fragment. This chimeric promoter will then be operably linked to the coding region of Em. Such a 
construct, when stably transformed into plants, will direct the low level expression of the Em protein 
ccnstitutively throughout the plant. However, when endogenous levels of ABA increase under drought 
concitions, an over-production of the Em protein will resuit due to the presence of the ABA regulatory 
sequence, thereby protecting the tissue experiencing the water stress. 



Claims 

1 . A nucleic acid promoter fragment comprising a nucleotide sequence frcm the 5 flanking promoter 
reg:cr. of a plant gene homologous to the Em structural gene of wheat said promoter fragment being 
responsive in transformed plant ceils to compounds possessing ABA-like activity such that the expression 
of DMA sequences for selected gene products operably linked on the 3' sice of said promoter fragment can 
be controlled, with the proviso that said promoter fragment is not responsive to phaseic acid. 

2. A nucleic acid promoter fragment of Claim 1 wherein said compound possessing AEA-like activity is 
selected from the group consisting of ABA. Compound C, Compound 0. Compound E. and Compound F. 

3. A nucleic acid promoter fragment of Claim 2 wherein said compound possessing ABA-like activity is 
ABA. 

±. A nucleic acid promoter fragment of Claim 1 comprising a nucleotide seauence frcm the 5 flanking 
promoter region of a plant gene homologous to the Em structural gene of wheat, said promoter fragment 
being responsive in transformed monocotyledonous plant cells to compounds possessing ABA-like activity 
such that the expression of ONA sequences for selected gene products operabiy linked on the 3 side of 
said promoter fragment can be controlled. • . 

5 A nucleic acid promoter fragment of Claim 1 comprising the 5 flanking promoter region of the Em 
structural gene of wheat 

5. A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of about !350 base 
pairs running in the 5 direction from base pair position 0 to about base pair position -1350 with reference to 
the translation start codon ATG of the Em structural gene. 

7. A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 640 base pairs 
running in the 5 direction from base pair position 0 to base pair position -340 with reference to the 
translation start codon ATG of the Em structural gene. 

3. A nucieic acid promoter fragment of Claim 5 comprising the nucleotide sequence cf 254 base pairs 
running in the 5 direction from base pair position 0 to base pair position -254 with reference to the 
translation start codon ATG of the Em structural gene. 

9. A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 50 base pairs 
running in the 5 direction from base pair position -189 to base pair position -238 with reference to the 
transiarion start codon ATG of the Em structural gene. 

10. A substantially pure preparation of the S flanking promoter region of a gene from a plant 
homologous to the Em structural gene of wheat capable of being operabiy linked on the 3' sice to a 
nucleotide sequence for a selected gene product and incorporated into a recombinant ONA construct for the 
transformation of a plant cell such that said promoter region is responsive to a compound possessing ABA- 
.ike activity to control the expression of said nucleotide sequence for a selected gene product in said plant 

1*. A promoter region of Claim 10 wherein said gene is the Em gene cf wheat and said compound 
possessing ABA-!ike activity is ABA. 
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12. A nucleic acid promoter fragment of Claim 5 comprising the nucleotide secuence of 1 323 rase 
pairs corresponding to base pairs 1 io 1328 in Figure 3, ana any mutation or cenvative of said nucectice 
sequence. 

13. A nucleic acid promoter fragment of Ciaim 5 comprising the nucleotide sequence of 540 base eairs 
corresponding to base pairs 639 :o 1328 in Figure 3, and any mutation or derivative of said nudectice 
sequence. 

14. A nucleic acid promoter fragment of Claim 5 comprising the nucleotide sequence of 254 base pairs 
corresponding to base pairs 1075 to 1328 in Figure 3. and any mutation or derivative of saia nudectice 
sequence. 

15. A nucleic acid promoter fragment cf Claim 5 comprising the nucleotide secuence of 50 base pairs 
corresponding to base pairs 1091-1140 in figure 3. and any mutaiion or derivative of said nucleotide 
seauence. 

16 A recombinant DNA construct capable of transforming a protoplast comprising a nucleic ac:d 
Promoter 'ragment of Claims 1. 2. 3, 4, 5, 6. 7, 9. 9. 12. 1 3. 14 on 5 and a ONA sequence for a selectee 
gene proauct operably linked to said promoter fragment such the upon exposure of a transformed 
protopiast to a compound possessing A8A-like activity said ONA secuence for a selected gene product is 
expressed. 

17 A recombinant ONA construct capable of transforming a protopiast comprising a r.uceic ac:d 
promoter fragment of Claim 1 and a ONA sequence for a selected gene product operably linked to said 
promoter fragment wherein said ONA secuence for a selected gene product is ;he sequence for j- 
giucuronidase. 

13 A recombinant ONA construct capable of transforming a protoplast comprising a nucleic acd 
promoter fragment of Claim 1 and a ONA secuence for a selected gene product operably linked to said 
promoter fragment wnerein said protopiast is a rice protoplast. 

19 A -acombinant ONA construct caoable cf transforming a piant cell comprising a nucleic acid m 
promoter fracment of Claims. 1. 2. 3. 4, 5. 6. 7, a. 9. 1 2. 13. 14 or 15. a ONA sequence for a selected gene 
-roduct operably linked to said cromoter fragment, and a suitable regulatory sequence such :hat upon 
exposure of said transformed piant cell to a compound possessing ABA-like activity said ONA secuence for 
a selected gene product is expressed. 

20. A piant containing a nucleic acid promoter fragment of Claims 1. 2/3, 4, 5, 5. 7, 3. 9. 12. 13. 14 or 

15. 

21 . A rice plant containing a nucleic acid promoter fragment of Claim 1 . 

22. A :obacco plant containing a nucleic acid promoter fragment of Claim 1. 

23. Seed obtained by growing a plant of Claim 20. 

24. A piant protoplast containing the nucleic acid promoter fragment of Claims i. 2. 3. 4, 5, 5. 7, 3. 9, 
12. 13. 14 or 15. 

25 A rice protopiast containing the nucieic acid promoter fragment of Claim 1 . 

26 A transient assay method to evaluate the likelihood of expression of a selected gene product in a 
stably transformed olant comprising the steps of (a) preparing protoplasts of rice plants, (b) transferring to 
said protoplasts a recombinant ONA construct of Claim 16. (c) incubating said protoplasts containing sa.o 
construct with a compound possessing ABA-like activity, and (d) measuring the amount of said se'ectea 
gene product expressed in response to said compound possessing ABA-like activity. 

27. The method of Claim 26 wherein said DNA sequence for a seiectea gene product is the seauence 
for ^-glucuronidase. , , . 

28 The method of Claim 26 wherein said comcound possessing ABA-iike activity is ABA. 

29* A method for controlling the expression of a selected gene product in a plant comprising the steps 
of (a) transforming said olant with a recombinant DNA construct of Claim 16. (b) exposing sa.a plant to a 
compound possessing ABA-iike activity, and (c) causing said plant to express said selected gene procuct a t 

a desired time.^ ^ ^ ^ comp ound possessing ABA-!ike activity is selected from the 

grouo consisting of ABA, Compound C. Compound 0, Compouna E. and Compound F. 

31 A nucleic acid fragment for controlling over-production of a selected gene product ,n plants ; uncer 
drought ccroitions comprising a nucleic acid promoter fragment of Claim 15 inserted into the CaMV 35S 

Pr ° m 3rrrecombinant ONA construct capable of transforming a plant comprising a nucleic acid fragment of 
Claim 31. the Em structural gene of wheat operably linked to said fragment, such that u * n f" c ^ 
:cw-water conditions resulting in the endogenous production of ABA. said plant produces ,he Em structural 
protein. 
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33. A plant containing a recombinant ONA construct of CSaim 32. 
3-. Seed obtained by growing the plant of Claim 33. 
35. A piant of Claim 34 wherein said plant is rice. 

26. The Em promoter fragment inducer compound 2-fiuorc-5-t-hydroxy-2.6.6-trimethyl-4^xo-cyc!ohex- 
2-5n-i -yf/-3-methyi-2.4-pentadienoic acid. 



33 



i-- V OOO 0*0 M* 





EP 0 335 523 A2 



> 

LU 

> 

LU 



> 

111 




-tu 



CO 
D 
O 



o 

CO 



3 




eg Sf 



o 




3 



■LU 
Q. 



C/5 



CVJ 
O 
Ll. 




EP 0 335 528 A2 




EP 0 335 528 A2 




EP 0 335 =28 A2 




EP 0 33S 529 A2 




EP 0 335 528 A2 




EP 0 335 523 A2 



LU - 




EP 0 335 529 A2 




EP 0 335 523 A2 




EP 0 335 528 A2 




EP 0 335 528 A2 




EP 0 335 528 A2 




EP 0 335 528 A2 




® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(n) Publication number: 



0 335 528 

A3 



® 



EUROPEAN PATENT APPLICATION 



(§) Application number: 89302566.8 
@ Date of filing: 15.03.89 



<g) Int. CI.*: C 12 N 15/00 

A 01 H 1/00, C 12 N 5/00 



@ Priority: 29.03.88 US 174744 21.09.88 US 247185 

@ Date of publication of application : 
04.10.89 Bulletin 89/40 

@ Designated Contracting States: ES GR 

@ Date of deferred publication of search report : 
15.11.89 Bulletin 89/46 

® Applicant: E.1. 0U PONT DE NEMOURS AND COMPANY 
1007 Market Street 
Wilmington Delaware 19898 (US) 



STATE OF OREGON. ACTING BY AND THROUGH THE 
OREGON STATE BOARD OF HIGHER EDUCATION ON 
BEHALF OF OREGON STATE UNIVERSITY 
Corvallis Oregon 97331-2140 (US) 

(§) Inventor: Utts, James Cooper 
1 302 L Street 

Davis California 95616 (US) 

Marcotte, William Richard, Jr. 
2007 Ferguson Drive 
Wilmington Delaware 19808 (US) 

Quatrano, Ralph Stephen 
1900 Greenhill Avenue 
Wilmington Delaware 19806 (US) 

@ Representative: Jones, Alan John et al 

CARPMAELS & RANSFORD 43 Bloomsbury Square 
London, WC1 A 2RA (GB) 



CO 

< 

00 

m 
m 

CO 
CO 



<g) DNA promoter fragments from wheat 

(g) The preparation and use of nucleic acid promoter 
fragments homologous to the Em gene of wheat to bring the 
expression of selected genes in plants under external control 
are described. The Em promoter fragment is responsive to 
abscisic acid (ABA) and other compounds possessing ABA- 
like activity. Through transformation of protoplasts and plant 
cells with recombinant ONA constructs incorporating such 
promoter fragments, operably linked selected genes are 
expressed in response to ABA and compounds possessing 
ABA-like activity. The application of such promoter fragments 
and constructs to transient assay systems to predict the 
likelihood of stable transformation in plants is disclosed. 



rtcio 



HPSfWP 
I 



SISOWp 



4 71&U* 



V rvcv 



XSf GUS £S7 



cus xSi 



FIG. 2 



Q. 

Ill 



Bundesdruckerei Bertin 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Application Number 



EP 89 30 2566 



: Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION am. CI. 4) 



X&0 
P.X 



0,P 
Y 

X&0 
X 



Y 
0,Y 
P.X 



JOURNAL OF CELLULAR BIOCHEMISTRY 
SUPPLEMENT 12c, 1988, UCLA SYMPOSIA ON 
MOLECULAR & CELLULAR BIOLOGY, ABSTRACTS 
17TH ANNUAL MEETINGS, 28th February - 
10th April 1988, ABSTRACTS AVAILABLE 
FROM 28th February 1988, page 152, 
abstract no. L052; R.S. QUATRANO et 
al.: "Control of cereal embryogenesi s 
and the regulation of gene expression 
by abscisic acid (ABA)" 
* Abstract * 

IDEM 

IDEM 



JOURNAL OF CELLULAR BIOCHEMISTRY 
SUPPLEMENT 12c, 1988, UCLA SYMPOSIA ON 
MOLECULAR & CELLULAR BIOLOGY, ABSTRACTS 
17TH ANNUAL MEETINGS, 28th February - 
10th April 1988, ABSTRACTS AVAILABLE 
FROM 28th February 1988, page 164, 
abstract no. L124; W.R. MARCOTTE, Jr. 
et al.: "Hormone-regulated gene 
expression" 

* Abstract * 

IDEM 
IDEM 

NATURE, vol. 335, 29th September 1988, 
pages 454-457; W.R. MARCOTTE, Jr. et 
al.: "Regulation of a wheat promoter by 
abscisic acid 1n rice protoplasts" 

* Whole article * 



The present search report has been drawn up for aD claims 



1-30 



25-28 

31-35 

1-30 



25-28 
31-35 
1-30 



C 12 N 15/00 
A 01 H 1/00 
C 12 N 5/00 



TECHNICAL FIELOS 
SEARCHED dot. CI.4) 



C 12 N 

A 01 H 



PI act of search 



THE HAGUE 



Dale of completion of the search 

11-08-1989 



Examiner 

MADDOX A.D. 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : no n- written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, nut published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



Page 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicaiioo Number 



EP 89 30 2566 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPLICATION (lm. C1.4> 



PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCE OF THE USA, vol. 83, no. 18, 
September 1986, pages 6815-6819, 
Washington, DC, US; T.-M. OU-LEE et 
al.: "Expression of a foreign gene 
linked to either a plant-virus or a 
Drosophila promoter, after 
electroporation of protoplasts of rice, 
wheat, and sorghum" 

* Whole article * 

TRENDS IN GENETICS, vol. 4, no. 1, 
January 1988, pages 13-18, Elsevier 
Publications, Cambridge, GB; L. 
WILLMITZER: "The use of transgenic 
plants to study plant gene expression" 

* Whole article * 

THE EM80 JOURNAL, vol. 7, no. 2, 
February 1988, pages 297-302, IRL Press 
Ltd, Oxford, GB; Z.-L. CHEN et al.: "A 
DNA sequence element that confers 
seed-specific enhancement to a 
constitutive promoter" 

* Whole article * 



25-28 



31-35 



31-35 



TECHNICAL FIELDS 
SEARCHED (Int. Cl-4) 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Dole of completion of (be uarcb 

11-08-1989 



Examiner 



MADDOX A.O. 



CATEGORY OF CITED DOCUMENTS 

X : particularly reliant if taken alone 

\ : particularly relet ant if combined with another 

document of the same category 
A : technological background 
O : non-urtttcn disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : documeot cited for other reasons 

& : member of the same patent family, corresponding 
documeot 



THIS PAGE BLANK (uspto) 



